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General introduction 
Of course the fust priority for clinical research is to come up with a good idea for 
improving treatment ' 
Pocock 1983 
The position of amalgam restorations 
in treatment planning 
Several developments have changed the position of amalgam restorations in the 
occlusal reconstruction of broken down dentitions One of the causal factors which 
has to be considered, is the caries activity and its consequences The traditional 
approach to the caries problem stressed the treatment of lesions too much in terms 
of what were considered durable materials 
- small cavities in the posterior area were filled with amalgam, 
- large cavities were restored with inlays or crowns, 
- broken down teeth were either endodontically treated and provided with a 
dowel and core to retain a crown, or extracted 
Amalgam played a minor role in the restoration of badly broken-down teeth, 
because of its limited mechanical characteristics These teeth were treated prima 
rily with crowns Extensive amalgam restorations were considered to be temporary 
solutions, as the lifetime of these restorations was supposed to be relatively short 
However, this traditional approach does not fit in with current treatment planning 
strategies 
Nowadays the following sequence is followed in treatment planning 284163 165 321 
- tentative treatment plan, 
- preliminary treatment and evaluation, 
- final treatment, 
- recall 
The tentative treatment plan is made on the basis of the history of the patient and 
clinical examination In general, this information contains several uncertain items, 
which should be tested and evaluated in the preliminary treatment The prime 
objective of the preliminary or initial treatment is to eliminate the complicating fac-
tors in a broken down dentition, such as periodontal disease, canes and occlusal 
interferences This problem-onentated approach should be executed in steps 
In comprehensive dental care preliminary treatment is needed in order to 
- concentrate on periodontal problems, 
- control the caries problem by both preventive measures as well as treatment of 
the carious lesions, 
- evaluate questionable teeth, 
- evaluate patient motivation and cooperation 
After evaluation of the preliminary treatment, the dentist has well-founded (patient-
orientated) information regarding the prognosis of the dentition The tentative treat­
ment plan can be adjusted if necessary and transformed into a final treatment plan, 
in which further occlusal stabilisation is outlined 
Improvements in dental amalgam and the introduction of auxiliary retention 
methods made it possible to extend the indication for dental amalgam from the level 
of standard restorations to cusp replacing restorations l 8 9 On the basis of clinical 
observations, case reports and retrospective reviews, it is expected that these cusp 
replacing amalgam restorations may function adequately for a longer period than 
was initially expected M 7 ^ 9 1 ? 0 1 S ? 7 ? This could mean that the final treatment phase 
can be postponed, which consequently may result in postponement of the costly 
treatment part, ι e a crown, for the patient or the insurance system However, to our 
knowledge no study is available that structurally and systematically addresses the 
problems of cusp replacing restorations Developments in amalgam restorations 
and tooth coloured adhesive materials enable the dentist to treat carious lesions 
during the preliminary phase in a relatively short time and at relatively low cost As 
a result it may be expected that more attention will be paid to the preliminary treat­
ment, which was often neglected in the past Apart from the economic aspects, the 
biological consequences of the application of these extensive restorations, with 
regard to pulp vitality and periodontal health, are of ultimate importance and must 
be considered too 
It is evident that there is a need to identify and quantify the factors that affect the per­
formance and the life span of large amalgam restorations Knowledge of these fac­
tors is necessary to improve the effectiveness of restorative treatment with amalgam 
for both individuals as well as the total population 
1.2 Definitions and terms 
A restoration in which one or more cusps of a tooth are restored with amalgam, is 
defined as an extensive amalgam restoration, abbreviated to EA restoration. In den­
tal literature the term complex amalgam restoration is also used 2 8 9 8 b 272 When all 
cusps of a tooth are reconstructed, the term amalgam build-up or amalgam crown is 
used The term amalgam core is reserved to describe a core construction under and 
prior to a cast restoration 
An important point in the discussion about the application of EA restorations is the 
functional stress, which these restorations have to withstand In dental literature, the 
terms resistance and retention are used indiscriminately 
Retention is defined as the property, which prevents removal of a restoration along 
the path of insertion or long axis of the tooth preparation Resistance prevents dislod-
gement of a restoration by compressive or shearing forces directed in an axial, trans­
verse or oblique direction 2 9 1 1 / 9 Consequently, retention might be considered to be 
the resistance to tensile forces ^86 
2 
In order to avoid confusion, it would be fruitful to use one well defined term like resis-
tance in combination with the type of the force used That implies that compressive, 
oblique, shearing and tensile resistance should be distinguished However, in dental 
literature the terms resistance and retention are used synonymously. For this reason, 
both terms will be used in this study 
Dental amalgam 
Recent developments 
Dental amalgam is a silver coloured filling material available at an acceptable price 
with good physical properties, which makes it suitable as restorative material in pre-
molars and molars Dental amalgam is formed after reaction of mercury with an alloy 
essentially consisting of silver, tin, copper and zinc Mercury wets the particles of the 
alloy to produce a plastic mass, which is subsequently condensed into the cavity 
During setting, the amalgam is carved to produce the functional anatomy of the den-
tal restoration 
In the Netherlands, as well as in the USA, about one-third of the total patient treat-
ment time is directed to operative dentistry?33 88 Annually about 9 million fillings are 
provided by the Health Insurance Fund in the Netherlands60 The major part of these 
fillings are amalgam restorations In comparison, it was estimated that each year 
about 730 000 solitary crowns or crowns as part of fixed partial dentures were provi-
ded in the Netherlands. '82 
During the last two decades, much work has been carried out to improve the dental 
amalgam alloys Especially the incorporation of high levels of copper has reduced 
the corrosive gamma-two phase from the microstructure of the set amalgam This 
development has resulted m substantial improvements in clinical performance 188 89 
324 ss Technologically, it is not anticipated that further major improvements will be 
achieved22'1 This means that further increase of the quality of amalgam restorations 
depends on correct indication and proper handling of the material by the dentist 
Modern non gamma-two amalgams (or high-copper amalgams) contain a reaction 
product of copper and tin (Cu6Snr,), instead of the gamma-two phase These amal-
gams are considerably more resistant to corrosion than the conventional amalgams, 
but yet, in time, they produce sufficient solid corrosion products which seal the 
interface between restoration and cavity walls7m 
The higher corrosion resistance of the non gamma-two amalgams is responsible for 
superior marginal integrity compared to traditional amalgam systems.202178 2761912S6 
95
 This implies that deterioration will occur at substantially lower rates and that 
occlusal margins of these amalgam restorations are better proof against (bite) forces 
in the mouth.89 
High-copper amalgam alloys are available in different types 
Spherical systems are made by atomizing the molten amalgam alloy, producing a 
relatively smooth and spherical or spheroidal particle These products can be tritu-
3 
rated with less mercury. Lathe-cut particles are made by reducing a cast ingot. The 
particle surface is relatively rough. Some products have spherical particles (30%) of 
a special, eutectic composition added to traditional lathe-cut particles and are cal­
led admixtures. 
The strength of dental amalgam is developed slowly It may take up to 24 hours to 
reach a reasonable high value. There is little difference in the ultimate compressive 
strength values of the different types of amalgam, all being adequate in this respect. 
For clinical applications of amalgam in extensive restorations, in which cusps are 
reconstructed, a relatively high early hour strength of the amalgam is desirable. 
High-copper alloys develop one-hour strength more rapidly than conventional 
materials, consequently making the restoration less susceptible to early fracture.43 
Smaller particle size of the alloy (as in spherical alloys) tends to produce a more 
rapid hardening of the amalgam with a greater early hour strength than the use of 
larger alloy particles does. For use in EA restorations the more linear (and thus pre­
dictable) hardening characteristic of lathe-cut or admixture type alloys is preferred, 
permitting adequate carving of the occlusal surface98 (figure 1-1). 
Dispersalloy 
Са х non gamma-2 
Figure 1-1 The one-hour development of compressive strength (m MPa) for the 
tour best selling dental amalgam alloys m the Netherlands. 
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In selecting a modern amalgam alloy, the dentist should primarily consider systems 
with a well-documented favourable clinical performance These properties, a con­
venient delivery system and acceptable handling characteristics, will allow the 
practitioner to make a more founded decision ж , 8 3 
1 3 2 Biocompatibihty 
Biocompatibihty of dental amalgam restorations is drawing much attention Topics in 
the discussion are electrogalvanic reactions, exposure to mercury and the possibi­
lity of allergic and toxic reactions 
Restorations of different metals, brought into contact m the oral cavity, may undergo 
a series of electrogalvanic reactions inducing electrochemical corrosion The 
mechanism of such a reaction is that a less noble metal (alloy), or part of it (e g amal­
gam) will act as the anode, while a more noble counterpart will perform as the 
cathode, saliva functions as the electrolyte At the surface of the anode, an oxidation 
or anodic reaction occurs Simultaneously, at the cathode a reduction or cathodic 
reaction takes place These electrogalvanic actions may produce corrosion products 
or loss of substance due to transformation of the metal into the ionic stage The type 
of amalgam and the amalgam surface area influences the galvanic activities '^ 9 Non 
gamma-two amalgams are less susceptible to corrosion than conventional amal­
gams Fluctuations of temperature, pH, and chemical composition of the saliva may 
also affect the corrosion rate 8 ?ΑΊ Corrosive action is limited by the formation of a 
'passive' layer on the surface of the restoration42 These protective surface films are 
frequently disturbed by mechanical forces, which cause deformation and attri 
tion ' z 3 1 0 2 0 e A clinical study has shown minimal corrosion of dental amalgam in the 
absence of masticatory forces?63 
To certain individuals, the electrogalvanic currents and possibly the release of 
metal ions may cause discomfort Many vague symptoms of pathology and discom­
fort have been attributed to electrogalvanism However, the relevance of methods to 
measure galvanic currents between restorations in vivo is still open for discussion 
So far, no relation has been established between the different measurements and 
distinct patterns of complaints 
A short survey of different comprehensive studies in the Scandinavian countries with 
respect to oral galvanism may elucidate this In a comparative study between 
patients with oral discomfort of a possible galvanic nature and a control group, Nil 
ner
234
 could not find any significant difference in galvanic currents of ions released 
A tendency to higher amounts of dental care at a comparatively lower level of tech­
nical quality was noticed in the patient group, along with a lower threshold level for 
metallic taste perception These findings were confirmed by Axell et al " 
Moreover, a great need for treatment of mandibular dysfunction was seen in the 
patient group l 5 6 m Jontell et al 1 6 1 found no differences between alleged oral galva 
nism patients and a control group, except for the amount of parafunctional activities, 
thus stressing a possible psychogenic factor Johansson et al 1 5 8 and Agerberg3 rela 
ted signs of advanced periodontitis with the occurrence of intra-oral burning and 
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smarting sensations Unlike Nilner"4 and Axell et al ", Johansson1"57 did not find any 
differences in metallic taste perception However, a relatively large number of 
periodontal and mucous membrane affections, carious lesions and stomatognatic 
and/or temporomandibular joint disturbances within the patient group were 
found 15' In a group of patients with orofacial discomfort, Yontchev"6 could not find a 
single cause for the complaints, such as 'oral galvanism' or 'metal syndrome', but 
instead a very heterogeneous etiological background He stressed that especially in 
Sweden, oral galvanism is a mass media phenomenon' 
When inserting amalgam restorations, dental personnel and patients are potentially 
exposed to mercury Measurable levels of mercury vapor were found during inser­
tion and removal of amalgam restorationsAl 2BA However, when proper procedures 
are used (wet cutting with water spray coolant and high vacuum evacuation, and 
possibly rubberdam), these levels are transient and below the lowest established 
Treshold Limit Value (TLV = 005 mg/mm3)75 2 6 7 
From amalgam restorations in situ, small amounts of mercury may be released by 
corrosion and/or wear of its surface Several investigators have attempted to assess 
the extent of mercury exposure from dental amalgam restorations through the use of 
mercury vapor measurements of intra-oral or expired air31'1 ' ^ 9 However, the samp­
ling times and flow rates of the mercury vapor analysers used in these measure­
ments are not comparable with physiological inhalation times or flow rates of air 
through the mouth during inhalation The corrected valuations for the daily dose of 
mercury from amalgam restorations are thus a factor sixteen lower than those pre 
viously reported ? 0 ' It may be concluded that the validity of measuring mercury 
vapor concentrations in a small volume sample and then extrapolating the results in 
much larger volumes is questionable 
Clinical problems with mercury can be divided into allergic (hypersensitive) and 
toxic reactions There are essential differences between allergic and toxic reac­
tions Mercury hypersensitivity is an individual allergic response mediated by the 
immune system As in other allergic reactions, prior exposure to the antigen (sensi-
tation) is necessary before a secondary symptom provoking response can occur 
Toxic reactions are not individual, but they occur m all subjects exposed to a toxic 
dosis The degree of the toxic reaction is dose dependent 
The release of small amounts of mercury from amalgam contributes to the total body 
burden However, this seems to be small compared to the daily mercury intake from 
the food It is certainly far less than the quantities required to induce specific symp­
toms of mercury poisening 1 9 1 0 6 The daily mercury intake from the food is estimated 
on 10 to 20 mg, however, if fish forms a large part of the food, this figure may be 
exceeded 106 3 3 3 
Hypersensitive reactions to amalgam have been reported ^ It should be emphasi­
sed that these reactions are extremely rare з г 8 ш Hypersensitive reactions of a sub­
ject to a patchtest does not mean that amalgam per se is the cause Hypersensitivity 
may be caused by other mercury derivatives, such as diuretica and antiseptic solu 
tions or following vaccination49 /8 It may be concluded that current analysis of scien-
6 
tifie information indicates that amalgam restorations are safe. Exceptions may be the 
few individuals who are allergic to mercury 108"176 It has been calculated that in the 
Netherlands only 0 05 per cent of the general population could have hypersensitive 
reactions to mercury from amalgam.323 This means that only in a few cases removal 
of amalgam restorations and replacement by an alternative material is indicated.96 
Chase66 summarised the problem as follows 'It is an embarrassment to the dental 
profession that we are being asked to remove material as time-proven as amalgam 
and replace it with an inferior product for no good reason'. 
1.4 Forces in the oral cavity 
Restorations in the oral cavity should withstand the forces exerted during (pa-
ra)function. The unit of force is the Newton (N) (98 N = 1 kgf). Generally, forces 
applied to teeth and dental restorations are initiated by biting or masticatory actions. 
There are numerous reports in dental literature describing the measurement of 
biting forces on teeth. In these studies it has been shown that biting forces decrease 
from the molar region towards the incisors. For adults, maximum biting forces on 
molars range from 400 to 900 N. 2 7 0 ' 1 6 3 1 0 И 2 m i a o f l 3 However, the functional forces 
recorded are remarkebly low, considering the high static maximum bite force that 
can be exerted by masticatory musclesb5"35 
Masticatory forces can be exerted against teeth and restorations from any direction, 
and many times these forces are combined to develop complex stresses on the 
structure. All forces can be resolved into three basic types, which are recognized as 
(1) tension, (2) compression and (3) shear. Tension is the result in an object that is 
subjected to two sets of tensile forces that are directed away from each other in the 
same straight line Compression arises when an object is subjected to two sets of 
compressive forces in the same straight line, which are directed towards each 
other. Shear is the result of two opposite transverse forces being directed in a paral­
lel and opposite direction from each other.77 
Obviously, in the oral environment, compressive biting and chewing forces are 
much more intense than tensile forces caused e.g by sticky food The adhesive 
capacity of sticky food to occlusal surfaces has not been investigated yet The tensile 
forces exerted are limited by the opening force of the jaw Sharkey et al 2 8 8 found a 
mean maximum opening force of 118 N. 
Due to lateral movements of the mandible during either mastication or grinding, as 
well as the presence of cusp inclines on the occlusal surface, every axial (compres­
sive) force has a transverse (shear) component.200 Forces exerted during sliding of 
teeth have shown to be of short duration and low magnitude, when compared with 
the forces generated in the mtercuspal position.122 
Re and Norlmg260 and Re et al.261 reported on the fracture strength of sound lower 
molars. The mean fracture strength ranged from 2520 to 3500 N Watts et al 3 2 6 found 
mean values of 2740 and 4090 N depending on the diameter of the ball bearing that 
loaded the cusps Re and Norlmg260 also showed that under an axial load more force 
is required to fracture molars with large restorations than molars with relatively 
7 
small restorations Salis et al reported that under an increasing impact force, pre 
molars restored with MOD amalgam build-ups are as strong as intact premolars 
However, the fracture resistance of premolars with conventional MOD amalgams is 
reduced significantly 
Restorations should be designed in such a way that the resulting masticatory forces 
are distributed as uniformly as possible and do not exceed the breaking strength of 
restorative or biologic material, nor cause interfacial problems 
Previously reported data suggest that weakened cusps may be unable to resist 
occlusal forces ^ 12 ^ In a study on cuspal fracture it was found that 70% of the fractu 
res occurred on molars and 30% on premolars With exception of mandibular pre­
molars, all tooth categories exhibited a higher number of cusp fractures on non sup­
porting cusps, especially in the mandibular molars59121 These results are confirmed 
by Eakle et al1 0 1, who found that in mandibular molars the lingual cusps fractured 
more often (63%) than the buccal cusps (32%) In maxillary molars, buccal (50%) and 
palatal (45%) cusps fractured with almost equal frequency Obviously, occlusal for­
ces applied to non-supporting cusps have a larger lateral force component resulting 
in cuspal fracture 
Restorative procedures have a major effect on the forces transmitted to the restora 
tion, the remaining tooth and its supporting structures In the EA restoration concept, 
this effect is even more important than in many other treatment modalities, because 
of the extent of the restored structural form and the application of amalgam on the 
verge of its possibilities 
1.5 Auxiliary retention and resistance for amalgam 
The restoration of severely damaged teeth requires resistance and retention enhan­
cement procedures ranging from the placement of a groove or pinhole, to the recon­
struction of a tooth with a pin-retained amalgam crown ^ 5 Resistance and retention 
of amalgam restorations is entirely dependent on mechanical interlocking In small 
or standard preparations, the remaining sound tooth tissue will surround the restora 
tion and will thus avoid any amalgam displacement caused by occlusal forces 
If insufficient tooth tissue is available for mechanically retaining an amalgam restora 
tion, additional modes of retention are necessary Essentially, the amalgam restora­
tion may be 'directly' anchored to the dentin or 'indirectly' by means of pins 
Several indirect pin systems are available for auxiliary retention of amalgam restora­
tions (1) Cemented pins the diameter of the pinhole is slightly larger than the pin 
and the retention is obtained by cement, (2) Fnction-lockpins the pinhole is slightly 
smaller than the pin The pin is forced into the dentin, with the resilience of dentin 
accommodating and retaining the pin, and (3) Self-threading pins the pinhole is 
smaller than the pin and the pm is screwed into place, tapping its own thread 
There is abundant literature with regard to the usage and (dis)advantages of these 
'indirect' retentive pins и 9 Э 1 7 0 1 1 9 ** " M 2 4 e 
Safety during use, cost, chair-time needed and mechanical characteristics are rele-
8 
vant criteria, when choosing an indirect pin system. On balance, self-threading pin 
systems are recommended. These systems do not need the intermediate cement for 
retention, may be placed conveniently and show the highest retention values. 154"30S" 
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Several disadvantages of self-threading pins are reported 2 8 7 1 5 (table 1-1). 
- correct placing of the pins is difficult and time-consuming, considerable chair-
time is required to place the pins properly; 
- a depth of 2 mm is recommended for placing conventional pins, which may result 
in perforation of the pulpchamber or periodontal ligament.71 The required depth 
of 2 mm reduces the suitable areas for this technique; 
- internal dentinal stress caused by self-threading pins may result in crazing or 
cracking of the dentin,316"152 
- the pin has a detrimental effect on the restoration, because the strength of the 
restorative material is weakened,327"329 
- broken twist drills can occur when preparing the pinhole and inconsistant shea­
ring of the pin can occur during insertion.289 
Since 1980 'direct' amalgam slots and pinholes have been advocated to create resis­
tance and retention for EA restorations.287"289"318S With these methods, retention sites 
are prepared in sound dentin in which the amalgam is condensed (figure 1-2) In 
vitro reports on these methods indicate that they provide as much resistance for EA 
restorations as self-threading indirect pms ^ 
и 
A 
В 
Figure 1-2 A graphic representation of the location and the relative dimensions of 
the various retention methods ¡n a molar, (A) amalgam pms; (В) solitary amalgam 
slots; (C) circumferential amalgam slot; (D) self-threading pins 
Roddy et al?'74 enumerate the advantages of these 'direct' retention methods (table 
i-i). 
- amalgam slots or amalgam pins can be placed rapidly. No additional retention 
instruments are required; 
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- less stress concentrations are imposed onto the dentin, 
- generally there is less chance of pulpal or periodontal ligament perforation, 
because of the reduced depth of especially the amalgam slots, 
- strength of the resultant amalgam restoration is not decreased by discontinuity of 
the material, 
- extra occlusal reduction to accommodate 2 mm of amalgam covering the protru-
ding self-threading pin is not required These direct retention methods are espe-
cially indicated in instances in which a cusp is to be replaced with amalgam and 
a minimum amount of cusp reduction (2 mm) is utilised 
The application of auxiliary retention in teeth requires morphological knowledge of 
the cervical third of the crown and of the root Furthermore, knowledge of the thick-
ness of dentin at various levels withm the tooth is necessary Auxiliary retention can 
be placed only in areas with sufficient dentin thickness 
Table 1-1 Charactenstics of self-threading pins, and amalgam slots and pms as 
retention methods for vital teeth 
Self threading Amalgam slots 
pins and pins 
Stress imposed on dentin and enamel + + — 
Risk of pulpal and periodontal perforations + + + 
Weakening of the restorative material + -
Additional instruments necessary + — 
Extra occlusal clearance necessary + -
Loss of tooth substance + + + 
Risk of corrosion + -
Extra chair-time + ± 
+ = yes 
— = no 
Dilts and Mullaney92 measured the average thickness of the dentin from the pulp to 
the external surface of each tooth of adults For maxillary molars a thickness varying 
from 2 5 to 3 0 mm was found, while this thickness ranged from 2 0 to 3 0 mm for man-
dibular molars Gourley13? also found that the average thickness at the line angles or 
corners was consistently higher at each level than the thickness in the middle of the 
tooth surfaces The average thickness of the dentin of maxillary molars at the 
cemento-enamel junction varied from 2 2 to 2 5 mm for several positions For mandi-
bular molars the average thickness vaned from 2 3 to 2 7 mm From these studies it 
is evident, that the anatomy of the root surface and the pulp chamber dictate the 
favourable locations for retention placement 
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In addition, it is essential to coordinate the initial (amalgam) therapy with possible 
subsequent occlusal reconstruction steps l63 In treating large carious defects, the 
position and placing of auxiliary retention methods obviously have consequences, 
when at a later stage preparations will be made for cast restorations. For example 
when the final restoration is a porcelain-fused-to-metal crown, the selection of the 
auxiliary retention sites must accommodate the 1 3 mm final buccal reduction 
Otherwise, some of the resistance and retention features might be removed acci-
dently during preparation of the crown In figure 1-3 the ideal sites for application of 
auxiliary retention are shown '65 
Figure 1-3 Locations for application of auxiliary retention at the cemento-enamel 
level of first molars m the upper (A) and lower (B)jaw 
+ = favourable location, 
- = unfavourable location 
1.6 The rationale for the indication and design 
of the EA restoration 
Operative dentistry would be more effective if all carious lesions are treated at the 
incipient stage, and when patients are included in a recall system to avoid recur-
rence of decay with the resulting overextension of restorations However, patients 
neglect, primary and recurrent caries and failures, induced by the restorative pro-
cedures, often result in destructive lesions that weaken and destroy the stress-bea-
nng ability of many teeth When increasing amounts of tooth structure are destroyed 
or undermined, the tooth becomes less able to withstand the normal forces of occlu-
sion.226 In fact, a moment will be reached that the tooth cannot be restored with plas-
tic materials anymore Consequently, it was thought that adequate restoration was 
only possible with a core m combination with a cast partial or full crown 
• A study by Klausner and Charbeneau171 showed that tooth fracture was a primary 
failure cause in complex and Class II amalgam restorations These failures indicated 
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a need for the consideration of alternative forms of cavity design. If larger amalgam 
restorations must be placed, all remaining tooth tissue, which does not possess ade­
quate resistance form to withstand the forces of mastication, should be removed. 
Although all cusps have to be evaluated, particular attention should be paid to the 
non-supporting cusps, especially those of mandibular molars. Weakened surroun­
ding walls and cusps should be reduced and restored to function with a 2 mm layer 
of amalgam to secure an adequate bulk.227 Black33 already advocated the use of cus-
pal build-ups for the protection of tooth cusps weakened by extensive MOD cavity 
preparation or removal of the pulp. Cuspal protection has also been recommended 
by El-Ebrashi et al.'04 and Shillmgbuig et al.296 for teeth with cavity preparations of 
which the cusp height exceeds the width of the basis of the cusp (figure 1-4) 
Figure 1-4 Cusp reduction is recommended when the height of a cusp exceeds 
the width of its basis. 
The decision to reduce weak cusps and restore them with amalgam is supported by 
several investigations. In a study on the fracture modes of premolars that were resto­
red with amalgam, most teeth with MOD amalgam restorations fractured at the basis 
of the cavity, whereas those with cusp build-ups suffered less severe fractures sited 
higher in the cusps2Θ1 This last pattern led to fewer re-restorative difficulties than 
the gingivally extended fractures. For endodontically treated teeth, Kelsey et al.I68 
found that the success rate of cuspal coverage with amalgam was lower than that of 
cast restorations, but appeared to be worse in the absence of any cuspal protection. 
Shavell290 stated that 'Many teeth or portions thereof are sacrificed on the altar of 
false conservatism Unsupported enamel fractures readily and amalgam always 
requires bulk Ample cuspal reduction solves both problems and in the long run is 
protective, not a wanton ablation of natural structure'. 
When restoring cusps with amalgam, it should be noted that some form of locking is 
necessary This can be done by creating a peripheral step to restrain the outward 
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bending of the cusps Covering the cusps with amalgam in principle has the same 
function as a cast crown does redistributing the forces that tend to fracture the tooth 
The locked type of cuspal amalgam build-up should be successful in terms of durabi­
lity, but it is probably against current dental opinion with respect to removal of natu­
ral material and it is often aesthetically unacceptable^ 
Thus, application of EA restorations with auxiliary retention is generally restricted to 
molars Only on molar teeth the dark colour of amalgam may be accepted7 4 8 6 
Moreover, molars have more and better possibilities to apply auxiliary retention 
sites as compared to premolars The EA restoration can serve as an adequate inte­
rim restoration until more durable cast reconstructions may become possible in 
time 2 9 8 In such instances, the amalgam restoration is not removed, but remains in situ 
as a self-retaining core when the tooth is prepared for a crown 
Some of the indications for EA restorations are 2 9 3 ' l 5 
- large cavity preparations which require the replacement of one or more cusps, 
- patients with a high canes index and poor plaque control, 
- teeth with a questionable prognosis of vitality, such as those subjected to a pulp 
capping procedure The restoration can serve as a pre-endodontic restoration, 
or remain in situ as a final restoration or as foundation core for a future cast 
crown,
68 
- economical reasons An EA restoration may serve as a long-term interim restora­
tion until financial resources are available, 
- restriction of available appointment time Disabled and handicapped patients or 
medical conditions that exclude multiple office visits or long appointment time 
EA restorations can enable a treatment in less time, 
- According to Clark and Caughman68, EA restorations retained with pins may be 
considered for a more conservative approach to treatment of teeth with ІПСОЛ 
plete fractures, compared to the traditional treatment with cast restorations 
Although application of EA restorations is mostly restricted to vital teeth, Shillingburg 
and Kessler?9? stated that restoration of endodontically treated molars does not differ 
essentially from restoration of damaged vital teeth, as long as sufficient remaining 
bulk of coronal tooth structure is available 
A method of creating a core build-up with dental amalgam has been advocated for 
endodontically treated molars2 3 0 3 3 1 ra The pulp chamber provides excellent resis­
tance for dental amalgam An important advantage of this method is that in the same 
session the occlusal surface can be restored with the same material l 5 8 Possibly 
these restorations can function for years as an interim solution without gross failu-
_ _ _ 168 303 304 
1.7 Problem areas in E A restorations 
In this section the clinical problem fields associated with an EA restoration are sum­
marised (figure 1-5) 
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Figure 1-5 Schematic representation of some of the problem fields related to an EA 
restoration on a molar. 
1. resistance 
2. occlusal stability 
3. marginal integrity 
4. periodontal implications 
5. pulpal implications 
1. The resistance of amalgam restorations to the teeth. 
The success of an EA restoration depends on the effective retaining of the resto-
ration in or on the tooth. Important factors are the amount of remaining dental tis-
sue and the retention method applied. 
2. The occlusal stability of occlusion supporting areas in amalgam. 
Several authors claim that durable extensive occlusal reconstruction of molars 
with amalgam is not possible because of wear and plastic deformation.22737 
Therefore, an important criterion is the effect of time on the number and size of 
initial occlusal contacts. 
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3 The marginal integrity of EA restorations 
In evaluating the clinical behaviour of dental amalgam restorations, much atten­
tion has been paid to the marginal integrity as a predictive factor to durability.243 
139-89 дд jmportant factor is the extension and location of the margin of the restora­
tion. In general, the number of marginal fractures increases by the number of sur­
faces of the amalgam restoration.32189 However, in EA restorations a large part of 
the margin is not located occlusally, but on the mesial, distal, buccal, palatal or 
lingual surfaces possibly resulting m a reduction of marginal deterioration Ά 
4 The periodontal implications of EA restorations 
Amalgam margins adjacent to the marginal gingiva may influence the health of 
this gingiva negatively. In EA restorations large parts of the margin are located at 
this critical level. Finishing and polishing procedures of amalgam are difficult to 
perform in this region. The main criterion in this respect is the gingival response 
to EA restorations 
5. The pulpal implications of EA restorations. 
EA restorations are constructed on extensively decayed or fractured molars. 
Caries, trauma and operative procedures have a cumulating negative influence 
on the pulp vitality. Application of auxiliary retention methods might induce an 
extra pulp trauma Moreover, complaints concerning thermal sensitivity may 
occur
3 9
 The mam evaluation criterion is the number of pulpal failures in time 
1.8 Obj ectives and relevance of the study 
The mam objective of this study is to investigate the clinical behaviour of E A restora­
tions in broken-down molars. A randomised controlled clinical trial, comparing dif­
ferent retention methods, is the best method to study the function of these restora­
tions. 
Many variables may exert an influence on the behaviour of EA restorations A selec­
tion has been made, based on the following considerations 
- One of the main problems with extensive occlusal areas of amalgam is the occlu­
sal stability In order to evaluate the success of EA restorations, a comparison 
with the results of cast restorations and non-restored occlusal surfaces is neces­
sary. 
- The discussion about the economic acceptability of EA restorations is without 
significance if the treatment time - the major part of the cost - for these restora­
tions is unknown. An important part of the clinical trial of EA restorations has to 
be the study of treatment time and the factors influencing this time In the longitu­
dinal evaluations of the EA restorations these treatment times could be an impor­
tant variable to explain differences m clinical performance 
- An important aspect concerns the maximum force, which restorations can with­
stand before failure occurs. In order to detect differences in failure between 
retention methods and preparation designs for EA restorations more quickly, 
laboratory tests are needed. In these tests all kinds of possible forces should be 
simulated. 
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- Non-vital molars require special attention with regard to creating adequate 
resistance for the reconstruction with restorations In the laboratory it is possible 
lo differentiate in failure modes between several rebuilding methods In this way 
the failure level of amalgam dowel and core techniques in comparison with com-
posite resin, and cast dowel and core techniques can be investigated 
Using the considerations as described above, the aims of the study can be summari-
sed as follows 
1 Determining which variables affect the clinical performance of EA restorations 
with reference to occlusal stability, marginal integrity and periodontal and pulpal 
implications 
2 Determining the treatment time necessary for the construction of E A restorations 
and tracing factors influencing those times 
3 Studying in vitro the effect of several auxiliary retention methods and preparation 
designs on the compressive and tensile axial, oblique and shear resistance of 
molars with EA restorations 
4 Studying in vitro the effect of several dowel and core restorative techniques for 
endodontically treated molar» on the resistance of the restored molar 
The relevance of this study is based on two major aspects (1) socio-economics and 
(2) dental treatment planning 
1 Socio-economical aspects 
The generally advocated permanent treatment option for a broken-down or 
extensively restored molar is a cast full or partial crown However, economical 
reality shows that not every health care system or subject can afford this prefera-
ble treatment Apparently, in many cases the restorative problem must be solved 
with less expensive methods The EA restoration might offer such an alternative 
in the posterior region If fracture-prone cusps are eliminated or reduced and 
auxiliary retention is provided, it is expected that mechanical failures will dimi-
nish and that EA restorations can function as an intermediate but still durable res-
torative solution In this way, the insertion of cast crowns can be postponed or 
even eliminated Compared to the cast crown, the cost of an EA restoration is 
relatively low This restoration does not require an impression, a laboratory 
phase and an extra appointment for try-in and cementation When it is clinically 
proven that EA restorations have an acceptable durability, this type of restoration 
may be indicated more often during the preliminary treatment and can remain in 
situ for a longer period, resulting in a reduction of cost in restorative dentistry 
An important social aspect of research in this field, as far as the community is con-
cerned, might be that a 'permanent' tooth saving treatment, without expensive 
cast crowns, can be provided to larger groups of patients 
2 Dental treatment planning 
As discussed in section 1 1, the main objective of the preliminary treatment is to 
stop further break-down of the dentition by eliminating the complicating and cau-
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salive factors, such as caries and periodontal disease In the past - because of the 
mechanical limitations of the conventional plastic materials - large cavities were 
usually prematurely treated with full or partial crowns In this approach also the 
other aspects of the preliminary treatment were often neglected, resulting in 
relapse of the original causative factors and failure of the (expensive) restorations 
due to persistent canes activity 
If can be shown that EA restorations, constructed during the preliminary treat-
ment, will function adequately and durably, the preliminary treatment will get 
more attention in treatment planning Because of the advantages and the impor-
tance of a correctly implemented preliminary treatment, better restorative care is 
to be expected 
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Resistance of extensive amalgam 
restorations 
'Resistance is the most important factor that must be designed into any restora-
tion ¡[¡t is to succeed m function' 
Caputo and Standlee 1987 
Introduction 
Mechanical resistance is the major problem in the fabrication of EA restorations 
Occlusal loads exerted on cuspal slopes of EA restorations, may generate vertical, 
horizontal and predominantly oblique forces Sufficient resistance of the restoration 
to these forces is essential Vertical compressive forces are directed along the long 
axis of the tooth and are effectively transmitted to the root, provided the restoration 
is designed properly 
The component of the occlusal force parallel to the occlusal surfaces, which is gene-
rated in functional or parafunctional movements, may initiate a potential cause of fai-
lure due to stress concentrations Resistance to oblique forces is considered the 
most relevant parameter in in vitro studies for the resistance of a restoration This is 
confirmed by a great number of studies in which restorations were tested under 
application of an oblique load ^4 θίΗΙ7 ™ 
The direct and indirect retention methods, available to increase resistance for EA 
restorations, are described in section 1 5 
Many studies are present, in which one or two of these direct retention methods are 
tested and compared with the results for self-threading pin-retained restorations No 
studies are known, comprising all available retention methods Furthermore, the 
combination of retention methods, as well as steps in the preparation, is not investi­
gated yet 
The aim of the following two studies in this section was to investigate the influence of 
various retention methods for non endodontically treated molars restored with EA 
restorations 
Effects of retention methods on the compressive, oblique and 
shear resistance of extensive amalgam restorations 
Introduction 
Laboratory studies to retention methods for EA restorations show differences in the 
retention methods tested, the method and direction of force application to the sam­
ples, and the interpretation of the height of the failure level. 
Buikema et al4 Ί evaluated the effect of both number and size of self-threading pins 
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on the resistance of molars with amalgam restorations under application of an obli-
que load Davis et al85 compared restorations retained with self-threading pins and 
restorations with amalgam pins under an oblique load Outhwaite et al ^ 2 4 5 tested 
restorations with a circumferential slot and restorations retained with self-threading 
pins under an oblique load and under simulated chewing stresses Roddy et al274 
compared oblique fracture strength of restorations retained with amalgam pins, and 
compared these with restorations with self-threading pins Seng et al ^7 compared 
restorations with solitary amalgam slots with restorations retained with self-threa-
ding pins A repeated impact force at 60° to the long axis was applied until fracture 
or dislodgement of the restoration occurred Although presented m several publica-
tions, these retention methods have not been compared with each other in one 
research setting No attention was paid to the possibility that the resistance level 
found, could be influenced by the dimensions of the teeth restored with amalgam 
restorations Therefore, the purpose of this in vitro study was to compare the 
influence of various retention designs for non endodontically treated teeth as well as 
the dimensions of the teeth on the failure mode of the restored teeth 
2 2 2 Materials and methods 
Forty-eight freshly extracted sound human molars were used and stored in water, 
except for those periods required to complete experimental procedures The root 
portion of the molars was embedded individually in cold-curing acrylic resin to a 
level 2 mm apical to the cemento-enamel junction Occlusal surfaces were reduced 
perpendicular to the long axis of the cylinder to provide a flat tooth surface 2 mm 
occlusal to the cemento-enamel junction The cut surfaces were smoothed with a 
400-gnt waterproof carborundum paper 
By stratified sampling of the dimensions of the specimens and random distribution to 
the experiments, the variables introduced by using human teeth of various sizes 
were in balance The cross section of each tooth was calculated on the basis of the 
product of the maximal bucco-lingual and mesio-distal dimension All 48 teeth were 
then ranked into four size-groups from small to extra large Twelve series of four 
specimens each were made by grouping the specimens m such a way that the same 
dimensional variation for each series was obtained Subsequently, 12 series were 
assigned and divided at random to the three experiments The experiments concer-
ned compressive (axial) loading, oblique loading and shear (transverse) loading 
For each experiment, each series of four had a different method of retention 
The retention methods investigated were the amalgam pin289 85181, the amalgam 
slot287 and the circumferential amalgam slot ^ These were compared with the TMS 
Minim (Link-plus Titanium, Whaledent International, New York, NY, USA) self-
threading pin This conventional method was used as a control group See figure 1-2 
for location and relative dimensions of the vanous retention methods 
The amalgam pinholes were made 2 mm deep at the appropriate locations of the 
tooth surface, equidistant from each other, by means of a round-nosed bur (No 1157, 
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S.S. White Dental Mfg Co , Kingston upon Thames, UK). The margin was beveled 
with a round bur #3 (figure 1-2A). 
The amalgam slot was prepared with an inverted cone diamond stone (010/010, 
Honco, W.-Berlin, FRG) at the same locations at which conventional pins would have 
been placed. Slot depth was equal to the full depth of the stone head (1.3 mm). The 
diameter of the stone was 0.95 mm (figure 1-2B). The slot margin was beveled with a 
round bur #3. 
The circumferential groove for the amalgam slot was made continuously within the 
circumference of the tooth. A groove approximately 0 75 mm from the dentino-ena-
mel junction and 1.3 mm deep was prepared with an inverted cone diamond stone 
(010/010, Honco). The margin was beveled with a round bur (figure 1-2C). 
Into every specimen of the control group four self-threading pins were inserted 
parallel to the external tooth surface in the occlusal part of the preparation, at least 
1.0 mm from the dentino-enamel junction. Using a 10:1 reduction gear handpiece 
(Auto Klutch, Whaledent International, New York, NY, USA) 2.4 mm deep pin chan-
nels were cut (figure 1-2D). New twist drills were used after cutting 20 pin channels 
Single shear pins were inserted using the same reduction gear handpiece. The pro-
truding part of the pin was reduced to a length of 2 mm. 
The EA restorations were made after applying a Tofflemire matrix (Produits Dentai-
res, Vevey, Switzerland) and an additional piece of matrix and wooden wedges to 
close the gap between the matrix flanges. The alloy used was Cavex non gamma-
Figure 2-1 Schematic representation of the different modes of testing at 0, 45 and 
90 degrees to the long axis of the sample. 
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two amalgam (Cavex Holland bv, Haarlem, the Netherlands) A mechanical vibrator 
(Bergendahl, KAVO, Biberach, FRG) was used to condense the amalgam. The 
matrix was removed 30 minutes after final condensation. The samples were stored at 
room temperature for 1 week. The specimens were then reduced perpendicular to 
the long axis of the cylinder until the amalgam extended 4 mm above the cavo-sur-
face margin. A diamond stone was used to remove overhanging margins and to pre-
pare the bucco-occlusal bevel and the occlusal groove in the amalgam, necessary 
for applying the forces to the specimens (figure 2-1). All preparations and restora-
tions were made by the same investigator. 
The test specimens were placed in a mounting jig and loaded in an Instron mechani-
cal testing device (Instron Corp., Canton, Mass., USA). Each specimen was loaded 
at an angle of 0, 45 or 90 degrees. These angles were applied to represent both 
extreme angles (0 and 90 degrees) and an angle (45 degrees) which closely resem-
bles the clinical situation. es'?M The crosshead speed was 0.5 mm per minute. Cross-
head displacement and load were recorded continuously The resistance level was 
defined as the point at which a specimen could no longer withstand the increasing 
load and dislodgement or fracture did occur. So the first dip in linearity was taken as 
the point of failure. 
A rounded metal bar (3 mm wide) was used to apply the oblique and transverse for-
ces at the buccal side of the specimen (figure 2-1 ). A steel sphere (4 8 mm) was used 
to apply the axial compressive force to an occlusal 3.2 mm wide groove, simulating 
the central fissure. The sphere was allowed to seek its most stable position at or near 
the centre of the restoration. In addition, all fractured specimens were classified as 
re-restorable or not re-restorable. This judgement was made on the basis whether 
or not a fracture extended more than 2 mm below the cemento-enamel junction. In 
an ideal clinical situation this level coincides with the alveolar bone crest. 
The significance of the influence of the retention type and the dimensions of the 
teeth on the resistance level of the E A restorations was determined by an Analysis of 
Variance (ANOVA). 
2.2.3 Results 
The results of the three experiments are shown in figure 2-2. 
For each specimen, resistance level and failure mode are given The specimens are 
classified according to the size-group (S, M, L, XL) The mean resistance level and 
the standard deviation for the experimental groups are given in table 2-1 
The influence of the dimensions of the specimens was a slight one. Only significant 
differences (p < 0.05) were found between the small or medium group and the 
extra-large group by the application of a transverse force. Tukey's HSD multiple 
range test (a = 0.05) was used to find mutual differences between the experimental 
groups. 
Table 2-1 shows that no significant difference existed between the retention 
methods when an axial load is applied. 
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Figure 2-2 Graphic representation of the recorded resistance level (m Newton) 
For each specimen the retention method used, the direction of the applied force, the 
size of the specimen (S, M, L, XL) and the failure mode ¡s given 
For the oblique load, the circumferential amalgam slot retained group was signifi-
cantly stronger than the self-threading pins group and the amalgam slots group No 
significant difference was found between circumferential amalgam slot and amal-
gam pins (subgroup II) No differences were found between amalgam slots, amal-
gam pins and self-threading pins (subgroup I). 
The transverse load data did not show a significant difference between self-threa-
ding pins and the circumferential amalgam slot (subgroup II) Also no significant dif-
ference was found between amalgam slots and amalgam pins (subgroup I) Both the 
amalgam slots and the amalgam pins were significantly weaker than the circumfe-
rential slot and the self-threading pins. The mean resistance level of the self-threa-
ding pin group was the highest. 
With regard to the failure mode, the application of an axial compressive force resul-
ted in only one specimen in the amalgam pin and amalgam slot group showing (re-
restorable) tooth fracture. Half of the specimens with a circumferential slot or self-
threading pins showed tooth fracture, with for each group one specimen considered 
not re-restorable. 
When oblique forces were applied, all EA restorations with circumferential amal-
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Table 2-1 The mean resistance level (x) and standard deviation ¡n Newton for the 
experimental groups and each force direction m ascending order. 
Experimental groups 
Axial force 
Amalgam slot 
Circumferential amalgam slot 
Amalgam pin 
Self-thieadmg prn 
Oblique force 
Self-threadmg pin 
Amalgamslot 
Amalgam pin 
Circumferential amalgam slot 
Transverse force 
Amalgam slot 
Amalgam pin 
Circumferential amalgam slot 
Self-threadmg pin 
X 
1349 
1432 
1496 
1540 
986 
1033 
1185 
1589 
167 
199 
390 
515 
SD 
10 
354 
368 
Subgroup* 
' 
191 1 
263 
155 
187 
283 
I 
ί u 
45 TI 
40 J 
34 
155 
L 
" II 
* The vertical lines depict homogeneous subgroups without significant differences between 
the corresponding experimental groups (Tested by means of Tukey's HSD multiple range 
test at α = 0 05) 
gam slots showed fracture without the possibility of re-restoration The self-threa­
ding pins were withdrawn from the restoration or the tooth, but tooth fracture, as 
seen by the transverse force, did not occur 
All molars with self-threading pins fractured when sufficient transverse force was 
applied Of these molars, 75% could not be re-restored The fracture path in teeth 
with self-threadmg pins occurred in all cases through the area in which the pins 
were placed Restorations with the other retention methods fractured at the inter­
face of amalgam and tooth 
By and large the amalgam pins and the amalgam slots showed a better overall fai­
lure mode Only one amalgam pin retained restoration and two retamed with amal­
gam slots were not re-restorable 
2.2.4 Discussion 
An important parameter for a successful restoration is its ability to withstand stress 
from the, opposing cusps. Reported maximum bite force on molar teeth are about 
900 N (section 1.4). For all retention types, the forces at which failure occurs in this 
study under an axial compressive load, are far above these forces reported There-
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fore, it might be suggested that the resistance of EA restorations is sufficient to resist 
axial compressive forces clinically. 
However, the biting and chewing forces exerted on amalgam restorations are com-
bined, including axial compressive, oblique and shear or sliding transverse forces. 
The results of the transverse force indicate low resistance levels In a comparable 
study, Reppel266 found a mean transverse resistance of 368 ± 75 N for amalgam 
crowns with four self-threading Minim pins. However, it is doubtful whether in the 
clinical situation substantial forces will be generated in the transverse direction. 
They can be regarded as a projection of an oblique force, resulting in a force at 
seventy per cent. The detected influence of the dimensions of teeth on the resis-
tance to a transverse force indicates a higher resistance to shearing of the restora-
tion on larger teeth. Apparently microretention at the tooth-amalgam interface, 
which is proportional to the interfacial area, plays an important role in the transverse 
resistance. 
Application of an oblique force resembles the clinical situation more closely In this 
investigation a force was applied on the buccal side of the tooth. This introduced a 
tipping effect; however, no significant influence of the dimensions of the teeth on the 
resistance level was found 
Some authors investigated oblique forces on EA restorations Outhwaite et al.24'' 
compared amalgam restorations retained with a circumferential amalgam slot and 
restorations with four TMS Minim self-threading pms The amalgam restorations 
were loaded at an angle of 45 degrees The mean stress at failure of the slot-retamed 
amalgam restorations was 27 ± 6 N/mm2 The mean stress required for failure of the 
pin-retained restorations was 24 ± 5 N/mm2. They found no significant difference 
between the amount of force needed to cause failure in the slot and self-threading 
pin-retained amalgam crowns Converting the data of Outhwaite et al to actual 
breaking loads, a mean for both groups of 870 N was found When converted to the 
cross-sectional area of the samples, a mean surface of 30 to 35 mm2 was calculated 
So it may be assumed that the teeth used by Outhwaite et al for their experiment 
were premolars. This was not mentioned in their publication This essential diffe-
rence in surface area could explain their lower overall failure values for the slot and 
self-threading pin-retained groups, compared with the results for molars in this stu-
dy. 
For molars with four TMS Minim self-threading pins, Buikema et al47 found under an 
oblique load a mean resistance level of 1170 N. This is in accordance with our 
results. The experiments of Roddy et al.247 indicated that amalgam pins placed 1 mm 
into dentin, are as resistant to fracture under an oblique load, as are amalgam pins of 
2 and 3 mm m depth. Samples with four TMS Minim self-threading pins provide sig-
nificantly (p < 0.01) greater resistance to fracture than four amalgam pms of 2 mm 
depth (1382 ± 118 N versus 1137 ± 157 N). 
The strength of amalgam slots with different width and depth was also investigated 
by Chan and Chan63 and Certosimo et al.61 They found that fracture force of the res-
torations mcreased with increased number of amalgam slots and pins 
In an in vitro study Davis et al85 loaded amalgam restorations, which were made 
according to the same methods as in this study. An oblique force was applied The 
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mean force required to fracture the group with four TMS Minim pins was 1480 ± 360 
N The mean force required to fracture the group with amalgam pins was 2110 ± 320 
N These values are higher than recorded in this study However, in the present 
study the amalgam pins were only 2 mm deep versus 3 mm in the study of Davis et 
a l 8 5 Another possible explanation is that it is reasonable to assume that they did not 
record the early sign of failure as in this study, but the ultimate fracture level This is 
an important consideration in the self-threading pin-retained EA restorations With 
slipping or bending of some of the pins, an alteration of the linear resistance pattern 
can be observed As a result the failure strength values are higher This slipping or 
bending can introduce a microscopic shift of the amalgam, which is clinically unac 
ceptable Outhwaite et al 2 4 4 reported that the early sign of failure occurred at 75% to 
85% of the peak load Even when the absolute failure levels are converted to these 
lower (early sign of failure) levels, differences between the results of the study of 
Davis et al and our results remain 
These differences could be explained by the higher crosshead speed of their expe­
riment (2 5x) Higher crosshead speeds result in higher failure levels 
If failure occurs clinically, re-restoration should be possible Therefore, the least 
impairment is preferable and the mode of failure is of importance 13 The criteria 
were based on whether the failure involved the tooth and to what extent (figure 2-2) 
The relative positive failure mode of the amalgam pin and amalgam slot retained 
restorations are in accordance with the results of Davis et al 8 5 and Seng et al?Я1, who 
reported an 'all' or 'none' failure pattern at the tooth-restoration interface with no 
fracture of the tooth Thus makes re restoration possible 
2 2 5 Conclusions 
Under the conditions of this in vitro research it may be concluded that 
- no significant differences exist between the resistance of the compared reten­
tion methods for EA restorations under an axial load The forces at which failure 
occurs under axial load are for all retention methods far above reported maxi­
mum bite forces on molars, 
- application of an oblique force gives significant differences between the reten­
tion methods showing the highest resistance values for a circumferential amal­
gam slot and the lowest values for the self-threading pins These differences may 
be clinically relevant However, the lowest value found was still about 600 New­
ton and thus all the retention methods tested can be considered to provide suffi­
cient resistance, 
- application of a pure transverse (sliding or shear) force gives significant differen­
ces between retention methods However, in a clinical situation it is doubtful 
whether pure transverse forces will generate a substantial force, 
- the dimensions of the tooth restoration interface have only a minor influence on 
the resistance level when a transverse force is applied, 
- amalgam pin and amalgam slot retained restorations showed relative positive 
failure modes, which makes re-restoration possible 
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2 2 6 Summary 
In an in vitro investigation on human molars the influence of various retention 
designs for EA restorations and the dimensions of the teeth on the failure mode was 
investigated Axial, oblique and transverse forces were applied 
Significant differences in resistance level were found between the retention 
methods Also the failure mode was different The influence of the factor dimension 
of the tooth-restoration interface on the resistance level was only a minor one 
The results obtained justify clinical research as to whether direct retention methods 
offer acceptable alternatives to self threading pin retained amalgam restorations 
2.3 Effects of preparation design on the oblique resistance of extensive 
amalgam restorations 
2 3 1 Introduction 
Historically, in vitro investigations evaluating the resistance of EA restorations have 
been performed on flat prepared dentin surfaces The resistance created was eva-
luated by applying external loads to the restoration However, in clinical situations 
flat, one-surface cavity designs are scarce because it is generally possible to create 
steps within a preparation to increase resistance to forces 
When inserting large amalgam restorations it is important to reduce weak cusps and 
to reconstruct them with amalgam31127128 Little information is available about the fai-
lure mode of amalgam restorations in which cusps are covered with amalgam m 
relation to the level of covering and enclosure of cusps by steps280 These steps 
increase the resistance by preventing lateral displacement of the amalgam 
The purpose of this in vitro study was to investigate the influence of four preparation 
designs on the failure mode of teeth with EA restorations when an oblique load was 
applied 
2 3 2 Materials and methods 
Twenty-four freshly extracted and matured sound human permanent molars were 
used and stored in water The root portion of the teeth was embedded individually 
with cold curing acrylic resin in a cylinder to a level 2 mm apical to the cemento-
enamel junction Occlusal surfaces were reduced with a conventional model trim-
mer using water, perpendicular to the long axis of the cylinder in order to provide a 
flat tooth surface 4 mm above the cemento-enamel junction 
The 24 molars were assigned, at random, to six experimental groups, each consis-
ting of four molars 
Figure 2-3 illustrates the sagittal and occlusal view through the preparations It 
should be noted that there were six groups of specimens For experimental speci-
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mens I & II, and III & IV the design of the cavity was identical for each pair, but the 
direction of the apphcated load was different The designs of experimental speci-
mens V and VI were symmetrical and therefore only used in one singular group 
To understand the effect of the investigated resistance features in a preparation 
design, the direction of the force is important If the force is directed away from the 
step no positive effect is to be expected A step is regarded effective when the force 
is directed toward it As auxiliary direct retention method the amalgam pinhole was 
selected It gave as much resistance to oblique forces as the amalgam slot and self-
threading pin (table 2-1) The amalgam pinholes provided effective resistance to 
oblique forces from all directions An oblique force was applied for reason that this 
force gave the most significant differences in the research as described in section 
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Figure 2-3 Schematic sagittal and occlusal view of the preparation designs and the 
loading direction (I-VI) 
The four preparation designs were (figure 2-3) 
I & II The buccal half of the molar was reduced to 2 mm above the cemento-
enamel junction, forming a vertical step of 2 mm with the lingual half At the 
buccal side auxiliary retention was realized by means of two amalgam pin-
holes These were made at the buccal half 0 75 mm from the dentino-ena-
mel junction and 2 mm deep by means of a round-nosed bur (SSW 1157) 
The pinhole margin was beveled with a round bur (figure 2-3,1 and II) 
III & IV Starting with the same basic design as preparation I & II, the lingual side 
was additionally prepared with a horizontal step 2 mm wide and 1 mm 
deep (figure 2-3 III and IV) 
V For design V, both the buccal and lingual side were provided with a cir-
cumferential horizontal step 1 5 mm wide and 2 mm deep and an occlusal 
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groove (2 mm deep) was prepared mesio-distally through the occlusal sur-
face The groove was widened until 2 mm of dentine remained intact both 
hngually and buccally (figure 2-3, V) 
VI For design VI, the occlusal surface was further reduced to create a flat 
cavity 2 mm above the cemento-enamel junction Four amalgam pinholes 2 
mm deep were located at the appropnate locations of the tooth (figure 2-3, 
VI) 
All experimental groups contained two effective resistance methods, only experi-
ment II had one effective step method (2 pinholes) 
The fabricating procedure of the amalgam restorations is the same as described in 
section 2 2 2 The amalgam restorations were trimmed perpendicular to the long 
axis of the cylinder to a length of 6 mm above the cemento-enamel junction, provi-
ding an effective restoration height of 4 mm A diamond stone was used to remove 
overhanging margins of the amalgam and to prepare a bucco-occlusal or linguo-
occlusal bevel in the amalgam, necessary for applying the force to the specimens 
The bevel was prepared at an angle of 45° to the long axis All specimens were pre-
pared by one operator 
Design VI was regarded as a control to facilitate comparison of the results with a 
similar previous investigation (section 2 2) 
A rounded metal bar (3 mm wide) was used to apply the oblique force at the buccal 
or lingual side of the specimens The specimens were placed in a mounting jig and 
loaded in a mechanical testing device (Instron Corp, Canton, Mass, USA) at a cross-
head speed of 0 S mm/mm For further details on the loading conditions and the eva-
luation of the fractures see section 2 2 2 An ANOVA was used to study the influence 
of the preparation design on the resistance level 
2 3 3 Results 
The results of the six experimental groups are shown in figure 2-4 For all speci-
mens, both the force required to cause failure and the type of fracture are given 
The influence of the preparation design on the resistance level was investigated by 
means of an ANOVA Tukey's HSD multiple range test (a = 0 05) was used to find 
mutual differences between the experimental groups (table 2-2) 
The results show that experimental group II had the lowest mean resistance level 
while group V showed the highest value The three subgroups that could be detec-
ted following the multiple range test were groups II and IV, groups IV, VI, III and I 
and groups VI, III, I and V This means that in these three subgroups no significant 
difference could be detected at a level oî a = 005 
Experimental group II and IV (subgroup 1) had a significantly lower resistance level 
than groups VI, III, I and V (subgroup 3) 
Comparing experimental groups II and IV (subgroup 1) with regard to effective 
resistance features, it can be stated that the 1 mm step in experimental group IV has 
no significant influence on increasing the mean resistance level Specimens of expe-
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Figure 2-4 Graphic representation of the recorded resistance levels (m Newton) 
over the six experimental groups For each specimen, the preparation design, the 
direction of applied force and the failure mode are given 
Table 2-2 The mean resistance level (x) and standard deviation m Newton for the 
experimental groups m ascending order 
Experimental group 
II 
IV 
VI 
III 
I 
V 
698 
1007 
1205 
1347 
1402 
1553 
SD 
133 
203 
87 
235 
234 
299 
Subgroup* 
* The vertical lines depict homogeneous subgroups without significant differences between 
the corresponding experimental groups (Tested by means of Tukey's HSD multiple range 
test at α =0 05) 
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rimental groups IV, VI, ΠΙ and I (subgroup 2) all had two effective resistance featu­
res Combinations of a pair of pinholes plus a 1 mm step (group IV), two pairs of pin­
holes (group VI) and a pair of pinholes plus a 2 mm step (group III and I) introduced 
no significant differences among the four experimental groups of subgroup 2 
The specimens of experimental groups VI, III, I and V (subgroup 3) all had also two 
effective resistance features From the lack of significant differences m subgroup 3, 
it could be concluded that there was no evidence of an effect of a pair of pinholes 
compared to the effect of a 2 mm step The influence of the 1 mm step in experimen­
tal group IV was not consistent When compared with group II, no influence could 
be detected However, compared with groups VI, II and I the influence equaled the 
effect of a pair of pinholes or a 2 mm step The effect must be considered as interme­
diate between no resistance and as much resistance as a 2 mm step or a pair of pin­
holes 
For six specimens, no failure mode could be detected at the recorded point of fai­
lure (early sign of failure) However, after the final breakdown all these six speci­
mens showed tooth fracture Only one of these specimens could then be classified 
as re-restorable (figure 2-4) For all groups together, twelve specimens showed not 
re-restorable fracture Only group II showed no tooth fracture, while all specimens 
of group III were classified as not re-restorable 
2 3.4 Discussion 
In this study almost all specimens with two effective steps could resist an oblique 
load force of more than 900 N That was in the range of the highest reported forces 
occurring during mastication in the mouth (section 1 4) The in vitro results thus sug­
gest that EA restorations fabricated with two effective steps according to the descri­
bed design may function under clinical conditions adequately Cusp protection is 
considered essential in such designs with at least 2 mm of amalgam on the cusps to 
provide the necessary strength 
The resistance levels found in experimental group VI (control experiment) were in 
accordance with the results of earlier research on the resistance of EA restorations 
using amalgam pins (section 2 2) 
With regard to the failure mode and the capability to restore the tooth following frac­
ture, no clear conclusion could be drawn Only the tooth specimens of experimental 
group II were considered re-restorable after failure, whereas in all other experi­
mental groups one or more specimens were classified as not re-restorable 
This can be explained by the fact that in experimental group II the resistance provi­
ded by the tooth structure was less than in the other experimental groups. So if only 
fracture of amalgam occurred, the tooth can be classified as re-restorable 
It was expected that designs with more remaining tooth structure had a higher fai­
lure resistance than the design with only amalgam pinholes (VI) However, no signi­
ficant difference could be found between the experimental groups 1, HI, V and VI 
This implies that when an oblique force is applied, it does not make any difference 
in vitro whether a cusp is covered with amalgam or is totally eliminated and sup-
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plied with auxiliary retention, created by amalgam pins as an integral part of the res-
toration 
Clinical research is needed to support these in vitro findings and to study these pre-
paration designs when subjected to actual masticatory forces 
Conclusions 
It may be concluded from this m vitro research that 
- the failure resistance of an amalgam restoration is influenced by the extent of the 
step used in the preparation design, 
- two steps provide more resistance than one step, 
- the resistance provided by a 2 mm step equals the resistance provided by two 
amalgam pins, 
- the results justify clinical research in order to study the resistance behaviour of 
EA restorations under clinical conditions 
Summary 
In an m vitro investigation, the influence of various preparation designs for EA resto-
rations on the resistance level and failure mode of restored human molars was inves-
tigated 
An oblique force was applied on four different designs The results indicated that 
the presence of steps and the number of steps used in the preparation design was 
important to increase the resistance No significant difference in resistance level 
was found whether cusps were partially eliminated and protected with amalgam or 
completely eliminated and supplied with auxiliary amalgam pin retention All recor-
ded resistance levels for restorations with two effective steps were equal or above 
the maximum recorded bite force in the human dentition 
General discussion and conclusions 
Laboratory tests primarily serve as a guide in determining whether a given material 
or method has potentials for clinical use or not It should be emphasised that an exact 
description in these in vitro studies of the stress distribution as a function of the ana-
tomic form, dimension, type of retention and type of force cannot be obtained For 
example, an applied transverse force does not cause a pure shear stress It might 
generate tensile stresses on one side of the restoration with a tendency to tilt it It 
must be stressed that the reciprocating dynamic forces during function in the mouth 
are not the same as the static force used in these tests Besides, the amount of force 
applied on a single restoration in the mouth is not exactly known The oral cavity is a 
complex environment from chemical, biological, mechanical and technological 
points of view Therefore, in vitro experiments cannot conceivably copy every detail 
32 
of an in vivo situation However, some important and clinically relevant information 
can be obtained from in vitro experiments The described m vitro studies offer infor-
mation on which retention method provides the best resistance Direct interpreta 
tion of the clinical significance of the findings is difficult The recorded force applies 
only to full crown amalgam restorations with almost no other resistance form than 
that offered by the auxiliary retention methods However, with these limitations in 
mind, the data suggest that EA restorations with direct retention methods could 
withstand forces as well as EA restorations with the indirect retention method (self-
threading pins) 
The results of this study do not clearly suggest a single choice for a retention 
method There are many factors to consider in making that clinical decision This 
means that if all retention methods fulfil the requirement of sufficient resistance, it is 
not necessary to use the method which provides the most Other factors, such as 
ease of manipulation, failure mode or cost can influence the decision how to provide 
resistance for EA restorations 
The results obtained for the new direct retention methods justify clinical research as 
to investigate whether these methods offer acceptable alternatives to self-threading 
pin-retained EA restorations m an intermediate, as well as a long-term situation The 
ultimate information about the clinical feasibility of a particular dental material or 
technique can only be obtained from clinical studies279 
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Tensile forces 
on extensive amalgam restorations 
'Il is not known what retentive figure is the minimum required clinically' 
Owen, 1986 
Introduction 
Adhesion of food to the teeth may play an important role with respect to plaque for-
mation and dental caries activity. Due to movements of the mandible it may also pro-
duce tensile forces on the teeth and the restorations. Forces in the axial tensile mode 
are less intense and not so feasible55"288 Sticky food, chewing gum and the like are 
known to remove restorations in the line of draw. These accidents usually occur 
after fracture of either the restoration or remaining tooth substance However, 
exceeding the retention forces of fixed and removable partial dentures and dental 
restorations is harmful or may cause discomfort for the patient 
For EA restorations it may be assumed that involvement of one or more cusps in the 
restoration increases the retentive capacity of the restoration to sticky foods. Occlu-
sal morphology and mode of finishing of amalgam restorations may also influence 
the clinically occurring tensile forces 
The adhesiveness of foods depends not only on the dental situation or on the struc-
ture of the food It is also influenced by factors such as temperature, moisture con-
tent, the compressive force which is exerted on the food as well as the opening 
speed and direction of the mandible.35 Tensile forces tend to decrease with increa-
sing chewing time, causing a higher (mouth) temperature and increased moisture 
content 21"5?J A low compressive force and a low opening speed of the mandible 
reduce the tensile force due to viscous, time dependent, deformation of the food. 
Until now, only Caldwell52 gave some tensile values for sticky foods. In a laboratory 
setting, the highest reported value for natural teeth/caramel was 26 N/cm2. 
The aim of this in vitro investigation was to study possible maximum occurring ten-
sile forces on EA restorations caused by sticky foods and the influence of the occlu-
sal design of the amalgam surfaces on these forces (section 3 2). These forces will be 
compared with the in vitro tensile resistance of various retentive designs for E A res-
torations as reported in section 3.3. 
Tensile forces on amalgam by sticky foods 
Materials and methods 
In this study the most unfavourable situation by which tensile forces can act upon 
dental amalgam restorations is simulated. The foods tested were selected on the 
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basis of their adhesive forces by a panel of three persons. The four selected foods 
are all of the candy type with 3 kinds of toffee and 1 kind of liconce - a well known 
Dutch candy - and represent the spectrum of possible tensile forces. 
The foodsamples were: 
I liconce, Venco Valutadrop (Venco, Naarden, the Netherlands), 
II toffee, Tonnema vanille (Tonnema, Sneek, the Netherlands), 
III toffee, Tonnema drop (Tonnema, Sneek, the Netherlands); 
IV toffee, Mackintosh golden toffee (Rowntree Mackintosh, Eist, the Netherlands). 
Six metal cylinders (external diameter 14 4 mm) were filled for the coronal part (5 
mm) with amalgam The amalgam used, Cavex non gamma-two (Cavex Holland bv, 
Haarlem, the Netherlands) was condensed with a mechanical condenser (Bergen-
dahl, KAVO, Biberach, FRG) After one week, opposing pairs of occlusal patterns 
were made (figure 3-1). 
The three occlusal pattern models were selected so as to simulate the patterns most 
frequently applied in practice. Intact occlusal surfaces were not used in this study 
for reason that the tensile resistance of amalgam surfaces to sticky foods was the 
research topic. Standardised amalgam surfaces with regard to dimensions and 
morphology are essential therefore. If no cüfferences are detected in this research 
settmg, it may be expected that other surfaces create the same tensile resistance 
with these sticky foods. 
Pattern A: A totally flat and smooth surface, polished with 400 gnt waterproof car-
borundum paper; 
Pattern B. Same as pattern A Plus two cross-shaped occlusal V-grooves, milled 2 
mm wide and 2 mm deep, simulating the central fissures in a tooth; 
Pattern C. Same as pattern В Plus two extra cross-shaped occlusal V-grooves, mil­
led 1 mm wide and 1 mm deep, simulating the secondary fissures in a 
tooth. 
Figure 3-1 Schematic representation of the tested occlusal pattern. 
A = flat and smooth 
В = A + cross-shaped occlusal grooves 
С = В + two extra cross-shaped occlusal grooves 
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An opposing pair of test cylinders was inserted in an Instron mechanical testing 
machine (Instron Corp., Canton, Mass., USA). In pair В and С care was taken that all 
the fissures were opposing a flat surface rather than another fissure. 
The occlusal area of the flat cylinders was 1.64 cm2 (occlusal pattern A) This area 
was increased when occlusal grooves simulating occlusal fissures were present 
The area enlargement when 2 fissures of 2 mm wide were present (occlusal pattern 
B) was 0.21 cm2 The further enlargement when 2 additional fissures of 1 mm wide 
were present (occlusal pattern C) was 0 10 cm2. So the respective occlusal areas for 
pattern A was 1 64 cm2, 1.85 cm2 for pattern В and 1.95 cm2 for pattern С respective­
ly. The microscopic surface roughness of the amalgam was not considered as a fac­
tor in this study. 
The adhesiveness, as a function of different foods and occlusal surfaces, was studied 
under standardised conditions. Food samples were forced in between the inter-
occlusal space wetted with an artificial saliva (Saliva Orthana, A/S Orthana Kemisk 
Fabrik, Kastrup, Denmark) 
The foods were not pressed with a fixed force between the occlusal amalgam surfa­
ces. A disadvantage of this method is that the plasticity of different foods will affect 
the thickness of the test samples between the restorations The bond produced will 
be dependent on this thickness. So in our study the alternative to standardise the 
thickness of the food sample was choosen. They were compressed to a 1 5 mm thick 
layer by means of an auxiliary mould. The food overhang was cut away 
A low opening speed gives an opportunity for time dependent plastic deformation of 
the food sample. A higher opening speed introduces less deformation and higher 
tensile forces For this reason the maximum opening speed of the test machine of 8 3 
mm per second was choosen to test the samples. 
The force required to break the bond between the food sample and the occlusal 
surfaces was recorded in N(ewton). All tests were conducted at a temperature of 
23 0C and replicated 4 times The results were analysed using a two-way ANOVA 
3.2.2 Results 
The mean tensile resistance of each type of food for the respective occlusal patterns 
is given in table 3-1. Obviously the recorded values and the standard deviation for 
food I were considerable higher than for foods II, III and IV. A two-way ANOVA was 
applied to test differences between the foods II, III and IV An ANOVA including all 
four materials was not possible due to the clear mhomogemty of variances. 
The results of the ANOVA for food II, III and IV show that there was a significant 
influence of the factor food (p < 0.001) and of the factor occlusal pattern (p = 0 002) 
on the tensile forces recorded. The interaction between the factor food and occlusal 
pattern was not significant (p = 0.07). 
Conversion of the recorded values for each occlusal pattern to N/cm2 is depicted m 
table 3-2. This conversion makes it clear that the tensile forces found were relatively 
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Table 3-1 The mean tensile resistance of four foods for three occlusal patterns and 
the SD m Newton 
Occlusal pattern 
А В С 
Food χ SD χ SD If SD 
I 131 22 145 18 160 15 
II 26 11 39 6 38 4 
III 22 2 20 4 23 9 
IV 9 4 20 4 24 4 
independent of the occlusal surface area There was again a significant influence of 
the factor food (p < 0 001) and no significant influence of the factor occlusal pattern 
(p = 0 08) No significant interaction existed between the food samples and occlusal 
pattern (p = 0 06) 
Table 3-2 The relative mean tensile resistance of four foods for the three occlusal 
patterns calculated and SD m N/cm2 
Food 
I 
II 
III 
IV 
X 
80 
16 
13 
5 
A 
SD 
13 
6 
1 
3 
Occlusal pattern 
X 
79 
21 
11 
11 
В 
SD 
10 
3 
2 
2 
С 
χ SD 
82 8 
19 2 
12 5 
12 2 
Estimates for the main effects of the food and the occlusal pattern on the tensile for­
ces are depicted in table 3-3 and must be taken relative to the grand mean of all 
tests (24 7 Newton) For food I (Venco Valutadrop) similar trends with regard to the 
occlusal pattern occur 
The failure mode may be classified as cohesive fracture ι e fracture m the food or 
adhesive fracture ι e occlusal surface and food are (almost) completely separated 
In all instances food I showed an adhesive fracture Food II, III and IV showed mostly 
cohesive fractures with at some places signs of adhesive failure 
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Table 3-3 Mean absolute (Ν) and relative (N/cm2) tensile values for food I, II, III and 
IV and the effect of the occlusal pattern (А, В and C) on the tensile forces 
Variable 
Food I 
Food II 
Food III 
Food IV 
Occlusal pattern* 
Occlusal pattern* 
Occlusal pattern* 
A 
В 
С 
Ν 
145 4 
34 6 
216 
178 
-5 6 
19 
37 
N/cm? 
80 2 
19 0 
120 
96 
-19 
08 
1 1 
Food I not included in ANOVA 
3 2 3 Discussion 
Simulating in vitro the most unfavourable situation with regard to tensile forces, 
resulted in values of 5 to 82 N/cm2 for several sticky foods 
Significant influences for food types may be explained by differences in consisten­
cy In all instances for food II, III and IV a cohesive fracture occurred in the food 
itself, while only a minor part of the food adhered to the 'occlusal' surfaces For food I 
in all instances an adhesive fracture occurred at one of the two opposing occlusal 
surfaces This might be explained by the tougher consistency and therefore the hig­
her cohesive strength of food I Licorice has indeed a bad reputation because of its 
potential damaging action on dental restorations The tensile force of a licorice like 
piece of sticky material is used in crown and bridgework to remove these restora­
tions The Richwil Crown and Bridge Remover (Almore International Ine, Portland, 
Oregon, USA) demonstrates that crowns can be removed in this manner2 3 6 In foods 
II, III and IV both types of fracture occured The ratio between cohesive and adhe­
sive structure was here comparable and could be regarded as a mixed type of frac­
ture 
To standardise the test conditions and to simulate the oral situation, the test restora­
tions were wetted with an artificial saliva For reasons of convenience and to stan­
dardise this factor at an unfavourable level, the tests were conducted at a tempera­
ture of 23 "С The exact temperature of foods adhering to tooth surfaces immediately 
after insertion in the mouth is unknown However, rising temperature and higher 
moisture content of the foods decrease the adhesiveness?1 
By an increasing moisture content and higher temperature the cohesion of food I will 
decrease and therefore probably also a mixed fracture will occur 
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The influence of different occlusal patterns of amalgam restorations on the tensile 
forces was not significant (table 3-2) The occlusal grooves may introduce shear 
stress However, due to the symmetric shape of each groove, the resultant force will 
be a tensile one. This is consistent with the fact that the converted forces expressed 
in N/cm2 (table 3-2), indicate a lineair relationship between the tensile forces and 
the surface area. Consequently, the differences (table 3-1) between the three occlu­
sal patterns can be explained by the surface enlargement introduced by the occlu­
sal grooves in model В and С Also the way in which the food separated from the 
occlusal surfaces was independent of the occlusal pattern. 
The clinical implications of this investigation can be estimated roughly. The occlusal 
patterns as tested in this experiment will not occur in the mouth In the mouth the 
tensile resistance is increased by the presence of the proximal surfaces of the teeth 
However, in the clinical situation not all factors are so disadvantageous for EA resto­
rations. Not only the mouth temperature and moisture content of the food will be 
higher but also the forces created by sticky foods are probably distributed over 
several teeth In many instances with the application of EA restorations also some 
occlusal parts of the teeth will remain intact. Not all tensile forces will then be exer­
ted on the restoration. 
Despite these potentially favourable factors, it may be concluded from this study that 
in some unfavourable situations it is possible to create high tensile forces with sticky 
foods adhering to extensive areas of amalgam. These forces can be in the range of 
80 N/cm2, and therefore are much higher than the levels found by Caldwell52 
Until now the tensile resistance level of EA restorations with auxiliary retention is not 
known. This will be discussed in section 3.3. 
Conclusions 
On the basis of this in vitro study, it may be concluded that sticky foods are capable 
of exerting high tensile forces on extended areas of amalgam A linear relationship 
existed between the tensile forces and the total surface area of the amalgam. Intro­
ducing occlusal grooves does increase this total surface area. 
Summary 
In an in vitro study the maximum occurring tensile forces on amalgam samples with 
sticky foods were recorded. Four sticky foods with high adhesiveness were tested 
versus three occlusal patterns of amalgam restorations. 
There appeared to be a significant influence of the factor food and a linear relation­
ship between tensile force and surface area. 
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3.3 Effects of retention methods on the tensile resistance 
of extensive amalgam restorations 
3.3.1 Introduction 
The resistance for EA restorations produced by the retention methods to axial, obli-
que and transverse forces has been investigated in several laboratory studies and m 
section 2 2 
No data are available with regard to the tensile resistance of such restorations with 
various auxiliary retention methods These data could be important with regard to 
sticky food with a high adhesiveness to extensive areas of amalgam (section 3 2)S2 
Previous reports have discussed the resistance of various solitary self-threading 
pins under a tensile load ae-u«-«-™ 266-50 si 
It is the aim of this study to investigate the tensile resistance of EA restorations with 
various auxiliary retention methods 
3 3.2 Materials and methods 
Sixteen freshly extracted sound human molars were embedded individually to a 
level 2 mm coronally of the cemento-enamel junction and further prepared as des-
cribed in section 2.2 2 In this way a flat dentin-acryhc resin surface was created 
Four groups of four specimens each were selected at random Each of the four 
groups was randomly assigned to a different experimental retention method The 
retention methods investigated were the amalgam pin, the amalgam slot and the cir-
cumferential amalgam slot These were compared with the TMS Minim (Link-plus 
Titanium, Whaledent International, New York, NY, USA) self-threading pin, which 
was used as the control group The retention methods applied were the same as 
described in section 2 2 2 
To determine the tensile resistance of EA restorations, a method was devised by 
which a matrix was used to restore the tooth as well to transduce the tensile force to 
the restoration This adaptation of a previously described method makes it possible 
to simplify and standardise experimental procedures "7 A modified stainless steel 
nut was used as matrix for inserting the restorations and as force transducer to the 
restoration On the lower side of this matrix a 5 mm deep and 16 mm wide hole was 
milled On the upper side the original opening, which was 10 mm wide, 5 mm deep, 
and fitted with screwthread remained intact In this way the modified nut could be 
adapted with its lower side on the acrylic cylinder with the embedded specimens 
Care was taken to ensure that the nut was fitting correctly and that no friction-resis-
tance was encountered (figure 3-2) 
A mechanical vibrator was used to condense the amalgam to the coronal level of the 
matrix and mto the screwthread After one week the matrix and specimens were 
mounted in the testing device 
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Figure 3-2 Schematic representation of the testing method (1) Tooth embedded m 
acrylic resm; (2) cylinder with acrylic resm; (3) amalgam; (4) stainless steel nut; (5) 
clamping screws. 
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The Instron mechanical testing device was used to load the test specimens in the 
tensile mode The matrix was fastened on one side and the acrylic cylinder on the 
other side with clamping screws A steel chain was used to self-align the upper and 
lower part of the experimental set-up The crosshead speed was 0 5 mm per minute 
Crosshead displacement and applied load were recorded continuously The tensile 
resistance level was defined as the point at which a specimen could no longer with­
stand the increasing load, the first dip in linearity was considered the point of failure 
An one-way ANOVA was used to test differences among the various types of reten­
tion Because the variances found were not homogeneous, a logarithmic transforma­
tion was necessary to satisfy this requirement 
3 3 3 Results 
Figure 3-3 shows for each specimen the maximum tensile resistance of the EA resto­
rations with auxiliary retention The mean values ranged from 472 N for restorations 
with four self-threading pins to 54 N for those with four amalgam pins 
The mean resistance level and the standard deviation in Newton for the experimen­
tal groups are given in table 3-4 
Tukey's HSD multiple range test (a = 0 05) was used to find mutual differences 
between the experimental groups 
Table 3-4 Mean tensile resistance level and SD m Newton for the experimental 
groups in ascending order 
Experimental groups 
Amalgam pin 
Amalgam slot 
Circumferential amalgam slot 
Self-threading pin 
X 
54 
103 
403 
472 
SD 
30 
20 
180 
80 
Subgroup* 
11 
* The vertical lines depict homogeneous subgroups without significant differences between 
the corresponding experimental groups (Tested by means of Tukey's HSD multiple range 
test at а = 0 05 after log transformation) 
There was a significant difference between the amalgam pin and amalgam slot (sub­
group I) on the one hand and the circumferential amalgam slot and the self-threading 
pin (subgroup II) on the other hand No significant differences existed between the 
amalgam pin and amalgam slot and between the circumferential amalgam slot and 
the self-threading pin retained restorations. 
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With regard to the failure mode is noted that, m the self-threading pin group, failure 
occurred m all cases by the pins being pulled out of the dentin In all other groups 
failure took place by fracture of the amalgam at the interface of the amalgam bulk 
with the retentive pins or slots 
Figure 3-3 Results of the experiment The recorded tensile resistance level is 
given (in N) for each specimen 
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3.3 4 Discussion 
The forces exerted on restorations are a combination of predominantly compressive 
and oblique forces However, under clinical conditions also transverse and tensile 
forces do occur In the literature no account is given for the maximum tensile force 
on teeth Only Caldwell52 gave some values for the retentive capacity of sticky food 
to dental surfaces The highest reported value was 25 8 N/cm2 with caramel. With 
the application of EA restorations involving one or more cusps, the retentive capa-
city of the restoration to sticky foods increases So the resistance of the restoration to 
tensile forces has to be high enough to withstand these forces 
The values found in this study demonstrate that, under the circumstances of this in 
vitro investigation, a circumferential slot as well as four self-threading pins incorpo-
rated in an amalgam restoration could withstand high tensile forces They could 
withstand about ten times or more the highest reported tensile load in the mouth For 
amalgam pins and amalgam slots the tensile resistance was significantly lower, 
although above the values reported by Caldwell52 However, the fail-safe margin is 
low and especially clinical application of amalgam pins with no other retentive featu-
res for EA restorations should be considered with reservedness It may be expec-
ted that the occlusal morphology and finish of EA restorations may influence the cli-
nically occurring tensile forces on these restorations by sticky foods 
Comparison of the data obtained in this study with other studies is not possible 
Research on tensile resistance has been conducted only for solitary self-threading 
pins by various authors A TMS Minim pin gave values of 205 N94, 220 N102, 133 N173 
and 215 N266 The values they found concur with each other In our study a TMS 
Minim Titanium pin of the link plus series was used These pins differ from the older 
ones in that they possess buttress thread, this is a more open thread with thicker 
sections of dentin between each thread Only Butchart50 has investigated the tensile 
resistance of this modified self-threading pin He found a mean resistance level of 
157 N 
In all these studies it is not clear which failure level was recorded So it may be assu-
med that they recorded not the early sign of failure but the ultimate fracture level 
As already noted this may be important with regard to microscopic slipping or ben-
ding of some self-threading pins In all specimens with self-threading pins the pins 
were pulled out of the dentin and not out of the amalgam It may be concluded that 
under tensile forces the retention of the pin in amalgam is better than that in dentin 
3 3 5 Conclusions 
Under the conditions of this in vitro study it may be concluded that 
- There is no significant difference in tensile resistance between an E A restoration 
with four self-threading pins and one retained with a circumferential slot, 
- There is no significant difference in tensile resistance between an EA restoration 
with four amalgam pins and one retained with four amalgam slots, 
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- Significant differences in tensile resistance exist between an EA restoration with 
self-threading pins or a circumferential slot and an EA restoration retained with 
four amalgam pins or amalgam slots, 
- Clinical application of an EA restoration with no tensile resistance features other 
than amalgam pins or amalgam slots should be considered with care 
3 3 6 Summary 
The tensile resistance of EA restorations could be important with regard to the large 
areas to which sticky food can adhere 
A test method was devised by which it was possible to measure the tensile resis-
tance of EA restorations with various auxiliary retention methods The results indica-
ted that significant differences existed between the different retention methods A 
warning was issued to be reluctant in relying only on the resistance provided by 
amalgam pins and solitary amalgam slots if these were the only retention features 
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Resistance of dowel and core combinations 
for endodontically treated molars 
'The root canal is the ultimate pm hole' 
ShiUingbuig and Kessler (1982) 
Introduction 
Restoration of broken-down and endodontically treated teeth is one of the most 
frequently executed treatments in restorative dentistry Restoration of these teeth is 
often complicated because a large amount of the coronal tooth structure may be 
missing due to decay, previous restorative procedures, the endodontic access and 
fractures As a result the necessary resistance for the restoration is difficult to achie­
ve In the oral environment there are no indications that the inherent mechanical 
properties of endodontically treated teeth vary from those of vital ones The concept 
of brittle pulpless teeth has not been scientifically substantiated It is however 
obvious, that the frequency of structural defects may be much higher in endodonti­
cally treated teeth2 0 8 The need for resistance shows wide variations and is thought 
to be dependent upon intermaxillary relations, whether the tooth will serve as an 
abutment, the amount of occlusal stress, location of the tooth in the arch as well as 
volume and shape of the remaining tooth substance 1гб 
For many years a cast dowel and core was the first treatment option This substruc­
ture was supposed to create additional strength for the teeth as well as resistance for 
the protective restoration72 294 Recent research indicates that application of a dowel 
may weaken the tooth rather than strengthen it 317This means that now the most 
important rationale behind the use of dowels in endodontically treated teeth is the 
creation of additional resistance for the core material27b l 3 8 The core is the part of the 
restoration that must replace the bulk of the missing coronal dentin 
In endodontically treated molars some alternative treatment methods have been 
advocated to create a core using amalgam and composite resins with and without 
the use of dowels4 0 ^ ^ ' 2 9 3 M 166 197"162 The pulp chamber of endodontically treated 
molars has a large volume with irregularly shaped walls and undercuts 109 This 
chamber provides excellent resistance for dental amalgam and composite resin, 
without the need for any excessive removal of remnant hard tissue.230 Amalgam and 
composite resin can be condensed into the entrance of the various root canals or 
around a dowel, which is cemented into the largest root canal6 7"2 7 3 1 2 8 l 6 9 Methods in 
which these materials are used as a core material, have the advantage that in the 
same session and with the same material the occlusal surface can be restored 
Increased corrosion resistance of the dental amalgams makes it possible that such 
an interim treatment can function for many years without gross failures 1Ь8 ^3"304 Dis­
advantages of amalgam are the relative long setting time, the corrosion potential of 
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amalgam in contact with non-precious prefabricated dowels , as well as poor aes­
thetics 
The introduction of enamel and dentin-bonding agents and special composite resin 
core systems creates potentials to provide endodontically treated teeth with com­
posite cores Linde199 stated that pulpless teeth, built up with composite resin can 
function for years without the need for protective cast crowns During this period, 
the appearance like natural tooth substance can be quite acceptable Questions 
with respect to the application of composite cores relate to their chemical and 
dimensional stability under thermal stress, and fatigue and fracture mechanism9 1 9 8 
9 7
 ^ Until now, in vitro research has been limited to the desired retention shape of 
dowels159"308, the occurrence of stress concentrations around dowels and fracture 
loads of dowels90, corrosion of dowels330 and photo-elastic models and finite element 
methods to study loading conditions250 
Several recent studies are dedicated to the in vitro resistance of amalgam dowel 
and core methods 2 1 7 6 7" 1 4 5 1 6 9" г и No studies are available in which the resistance 
level of composite resin cores is tested according to the same principles used for 
amalgam cores 
The objective of this study was to determine the in vitro resistance level to an obli­
que force of some amalgam and composite resm systems used to restore endodonti­
cally treated molars The experimental groups were compared with a traditional 
cast dowel and core, as well as with an amalgam core on non-endodontically treated 
molars 
Materials and methods 
For this study, extracted non restored non carious sound human mandibular molars 
were used After endodontically opening of the molars, 28 specimens were selected 
using the following criteria normal anatomic structures (2 mesial root canals and 1 
distal), closed apices, comparable root length and uniform shape, and the floor of the 
pulp chamber situated 2 mm apical to the cemento-enamel junction 
The root canals were prepared to simulate endodontic therapy However, the effec­
tive apical root canal obturation was not completed. The teeth were stored in water, 
except for those periods required to complete the experimental procedures The 
molars were embedded individually as described in section 2 2 2 Then the 28 teeth 
were distributed at random over six experimental groups and one control group 
Thus each group consisted of four molars 
A second control group was introduced in order to make it possible to compare the 
results with previous research data (section 2 2) This second control group consis­
ted of four randomly selected non-endodontically treated molars The occlusal sur­
faces were reduced to a level 2 mm above the cemento-enamel junction 
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The experimental groups consisted of the following dowel and core combinations 
(figure 4-1) 
A Dowel with mono-composite core 
В All (mono) composite core 
С Dowel with duplex composite core 
D All (duplex) composite core 
E Conventional cast dowel and core (control) 
F AU amalgam core 
G Dowel with amalgam core 
H Amalgam core with amalgam pins (control) 
A Prefabricated dowel m conjunction with a composite core material 
The distal root canal was prepared to a depth of 7 mm apical to the floor of the 
pulp chamber with the calibrated burs of the Ummetnc Titanium dowel system 
(Maillefer S A, Ballaigues, Switzerland) The two mesial root canals were prepa­
red with round burs # 3 to a depth of 3 mm from the bottom of the pulp chamber 
After fitting the titanium dowel into the root canal it was cemented with a zinc 
phosphate cement using the lentula spiral technique130 (Standaard cement, Stan­
daard Dental Producten, The Hague, the Netherlands) Excess cement was 
removed 
The composite core material used was an adhesive, highly filled, chemically 
curing composite resin (79 wt %, 60 vol %) for core build up (Cavex Clearfil 
Core, Cavex Holland b ν, Haarlem, the Netherlands) This two paste composite 
with a pronounced contrasting (radio)opacity and colour, was used in combina­
tion with the Cavex Clearfil etching and dentin bonding system (Newbond) The 
materials were used according to the manufacturer's instructions Enamel and 
dentin were both acid etched and after rinsing with water and drying, dentin 
bonding agent was applied The composite resin material was applied in a tight-
fitting copper band After curing, the core was prepared to a height of 6 mm 
above the cemento-enamel junction to provide an effective core height of 4 mm 
After storage of the specimens for 1 week in water of 210C, a buceo occlusal 
bevel of 3 mm, necessary for applying the force to the specimens, was prepared 
В All (mono) composite core consisting of composite core material 
In this experimental group all three root canals were filled with Cavex Clearfil 
Core composite resin to a depth of 3 mm The composite resin core was made, 
finished and stored as described for group A 
С Prefabricated dowel in conjuction with two combined composite resin materials 
A prefabricated Unimetiic Titanium dowel was applied in the distal root canal as 
described under A The pulp chamber around the dowel was filled up with 
Cavex Clearfil Core The 4 mm coronal portion of the core was added with a 
highly filled (84 wt %, 69 vol %) light curing restorative composite resin (Cavex 
Clearfil Ray, Cavex Holland b ν, Haarlem, the Netherlands) Two successive 
layers were applied according to the manufacturer's instructions The duplex 
composite resrn core was finished and stored as described for group A 
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D All (duplex) composite core consisting of two combined composite resin mate­
rials 
All root canals and the pulp chamber were filled with Cavex Clearfil Core The 
coronal portion of the core was made, finished and stored as described for group 
С 
E Control Conventional cast dowel and core 
The distal canal of the molar was prepared to a depth of 7 mm from the bottom of 
the pulp chamber with hand reamers to fit a Permador dowel #2042 (Degussa 
AG, Frankfurt, FRG) Gross undercuts in the pulp chamber were eliminated 
Small undercuts and the entrances of the mesial canals were blocked out with 
zinc phosphate cement After separating the tooth surfaces with a microfilm and 
placing the dowel into the canal, a dowel and core was made by using burn-out 
Figure 4-1 Schematic representation of the dowels and cores (A to H) as seen from 
the buccal side 
A Cemented dowel with mono composite core 
В All (mono) composite core 
С Cemented dowel with duplex composite core 
D All (duplex) composite core 
E Conventional cast dowel and core (control) 
F All amalgam core 
G Dowel with amalgam core 
H Amalgam core with amalgam pins (control) 
The oblique force was applied from the buccal side under 45 degrees to the long 
axis 
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acrylic resin (Palavit G, Kulzer und Co GmbH, Bad Homburg, FRG) After curing, 
the core was reduced to a height of 6 mm above the cemento-enamel junction 
perpendicular to the long axis of the cylinder Also in this case a bucco-occlusal 
bevel was prepared necessary for applying the force to the specimens Then the 
resm core with a Permador dowel was embedded, burned out and cast using a 
silver alloy (Cavex silver casting alloy, Cavex Holland b ν, Haarlem, the Nether­
lands) following standardised procedures It was cemented with zinc phosphate 
cement 
F All amalgam core 
The distal and mesial root canals were prepared with a round bur to a depth of 3 
mm apical to the floor of the pulp chamber 
The amalgam core restorations were made using a matrix band The alloy used 
was Cavex non gamma-two (Cavex Holland b ν, Haarlem, the Netherlands) A 
mechanical vibrator (Bergendahl, KAVO, Biberach, FRG) was used to pack the 
amalgam into the pulp chamber and root canal entrances The amalgam restora­
tion was made to a height of approximately 7 mm above the cemento-enamel 
junction The matrix was removed at least 30 minutes after final condensation 
After one week the specimens were trimmed perpendicular to the long axis of 
the cylinder After trimming the amalgam extended 6 mm above the cemento-
enamel junction, so as to provide an effective core height of 4 mm A diamond 
stone was used to remove overhanging margins of the amalgam and to prepare 
the bucco-occlusal bevel in the amalgam necessary for applying the force to the 
specimens 
G Dowel with amalgam core 
The fitting of the Ummetnc dowel and the preparation of the two mesial rootca-
nals was performed as described under A The restorative phase was equivalent 
to the method described under F 
H Control Amalgam core with four amalgam pins, simulating a restoration of a vital 
tooth 
To create auxiliary retention for the amalgam restoration on non-endodontically 
treated molars four 2 mm deep amalgam pinholes were made in the corners of 
the reduced occlusal surface with a round-nosed bur as described in section 
2 2 2 The amalgam restorations were made according to the procedure as des­
cribed under F 
All preparations were done by the same operator All test specimens were placed 
in a mounting jig and loaded in an Instron (Instron Corp, USA) mechanical testing 
device The application of oblique force from the buccal side at 45° to the long axis, 
the crosshead speed and registration of the resistance level was similar as descri­
bed in section 2 2 2 
After the first sign of failure, the load was increased until visible failure (i e fracture 
or dislodgement) occurred After this breakdown all fractured specimens were 
classified as re-restorable or not re-restorable This was judged on the basis of whe­
ther a fracture extended more than 2 mm below the cemento-enamel junction The 
data were analysed with ANOVA 
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Results 
The results of the load experiments for the eight different restorative methods are 
shown in figure 4-2 The resistance level in Newton is given for each specimen The 
mean resistance level and the standard deviation are depicted m table 4-1 An one­
way ANOVA revealed significant differences between the cast dowel and core (E), 
the composite resin core systems (Α-D) and the amalgam systems (F-H) (p < 0 001) 
Figure 4-2 Distribution of the resistance levels of the eight restoration types For 
each specimen the recorded failure resistance (m Newton) and the failure mode is 
given 
In connection to the ANOVA, Tukey's HSD multiple range test (a = 0 05) was used to 
fmd differences between the respective groups (table 4 1) 
Three subgroups were detected Between these three subgroups a significant diffe­
rence existed The three subgroups were I F, G and H, II А, В, С and D, III E 
For subgroups I and II, the presence of significant material (amalgam versus compo­
site resin) and dowel effects (dowel versus no dowel) was investigated with an 
ANOVA 
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Table 4-1 Mean resistance level (χ) m Newton and standard deviation (SD) for the 
experimental groups m ascending order 
Experimental 
F 
H (control) 
G 
D 
В 
С 
A 
E (control) 
groups X 
1176 
1181 
1315 
2246 
2307 
24S7 
2751 
4462 
SD 
234 
168 
100 
559 
364 
36 
370 
265 
Subgroup* 
I 
• 
. 
-
11 
. 
ІШ 
* The vertical lines depict homogeneous subgroups without significant difference between 
the corresponding experimental groups (tested by means of Tukey's HSD multiple range 
test at α = 005) 
There appeared to be a significant material effect (p < 0 001) The dowel effect was 
not significant (p = 0 06) Also no significant interaction between material effect and 
dowel effect was present (p = 0 6) Thus the influence of the factor material (amal­
gam/composite) did not depend on the presence of a dowel 
A two-way ANOVA for the four composite resin core systems (subgroup II A-D) 
showed no significant material effect (p = 0 4) or dowel effect (p = 0 1) This means 
that no positive or negative effects could be detected from application of a dowel or 
a combination of composite systems No interaction could be detected between the 
dowel application and the sort of composite system applied The failure mode of 
each specimen is depicted in figure 4-2 The samples of the experimental groups С 
and D all fractured in the composite resin and in the remaining tooth structure The 
fracture extended from the buccal-occlusal bevel to the pulp chamber and to the 
remaining tooth structure In this section the composite bulk was small The mono-
composite core systems (A, B) exhibited - with one exception - a fracture in the 
composite resm 
All failed cast dowel and cores (group E) revealed fracture of the remaining tooth 
structure The cast dowels and cores themselves were not fractured The amalgam 
cores (F, G, H) tended to fracture all in a similar fashion Due to the direction of the 
force from the buccal side, the lingual sides of the specimens usually fractured 
Discussion 
The pulp chambers of endodontically treated molars are large and more accessable 
than those of premolars, cuspids and incisors This facilitates the anchoring of'direct' 
applicable core materials such as dental amalgam or composite resins 
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Molars take the mam load in chewing Due to contacts on cusps and ridges of the 
occlusal surface, the generally axially directed jaw motion induces vertical, oblique 
and transverse force vectors Consequently, in this research oblique forces were 
applied to test the resistance level of the respective dowel and core systems 
The influence of a prefabricated cemented dowel in both the composite dowel and 
core systems as well as the amalgam system could not be detected This implies that 
application of a dowel is not beneficial nor detrimental for the resistance and 
strength of the intact tooth used in this experiment This is in accordance with the 
results obtained for amalgam dowel and core systems for endodontically treated 
molarsZ14 Nayyar et al 2 3 0 reported that over a period of 4 years, 400 posterior teeth 
treated with all amalgam cores showed no evidence of failure in relation to the use of 
amalgam 
Systems without a metal dowel showed a less negative failure mode, ι e the dental 
tissue was not or was less damaged and re-restoration was considered possible 
Therefore, one should be reserved with the application of prefabricated dowels in 
molars because the chances to re-restore a molar after failure are less favourable 
compared to the all-composite or all-amalgam situation However, a metal dowel still 
might be necessary if the pulp chamber and remaining tooth structure cannot pro­
vide sufficient resistance for the core material, such as in incisors, cuspids and pre­
molars and extensively broken-down molars 
The mean resistance levels of the four composite resin systems and three amalgam 
systems differed significantly from the mean resistance level of the tested cast 
dowel and core It is not clear whether differences in resistance level above the 900 
N have any clinical implications, but it may be expected that they are all strong 
enough (section 2 2 4) Actual masticatory forces and the influence of the oral envi­
ronment can, however, introduce other failure mechanisms and diminish the resis­
tance level 
A consideration in favour of the strongest option is, that if failure occurs, repair is dif­
ficult Besides, not always is known in advance what type of final restoration is indica­
ted for the molar On the other hand it is doubtful whether reconstruction of teeth is 
wise with such strong restorations that the root and its supporting structures remain 
the weakest link if failure occurs In comparison with the design of cars, a suggestion 
for the reconstruction of teeth might be the incorporation of'crumple zones' in areas 
where failure is less costly in biological price 
Incidental impact loading, due for example to biting a shot, could generate forces 
which are much higher than the forces applied under normal physiological condi­
tions Studies concerning maximum biting force, report forces of 400 to 900 N for 
molars Normal chewing forces are only a 20 to 30% of these maximum forces3b 
The number of samples tested for each restorative method was small and the SD of 
the experiments seems to be relatively high However, it can be computed that only 
a very small percentage of the samples will have resistance levels in the range of the 
maximum reported bite forces It is evident that all values found for the experimental 
groups are well above these maximum reported biting forces Consequently it was 
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not of practical interest to check whether the average value of each experimental 
group could be estimated more closely than the actual values found In other words, 
to detect great differences a small sample size is adequate If detection of small dif-
ferences is essential, the sample size must be extended. 
Oblique forces can be regarded as a vector of the axial forces; therefore it may be 
expected that all tested restoration designs are strong enough to function in the oral 
environment, as far as the static influence of biting and chewing forces are concer-
ned. 
A limitation of the current test method is that the force rate is increased until fracture 
occurred. However, in the clinical situation repeated dynamic loading might result 
in fatigue failure. Fatigue studies have shown that for a wide variety of composite 
resins the cyclic compressive stress below which failure would not be expected to 
occur after 5000 cycles is about 60% of the ultimate compressive strength.97 This sug-
gests that the 60% level of the values found in this study could be a good fail-safe 
margin for fatigue failure. It can be expected that the ultimate compressive strength 
for composite resins is higher than the resistance strength to oblique forces In this 
way an additional fail-safe area exists with regard to fatigue failure Asmussen and 
Jergensen9 found that fatigue failure for a restorative resm, due to deflection as 
occurring in chewing and biting, was manifest at about 40% of the static strength. It 
is stated that fatigue life is dramatically decreased by exposure of composites to 
water and higher temperature!!7 Also the dimensional stability of composite resin is 
questioned. Oliva and Lowe237 investigated in vitro the dimensional stability of amal-
gam and a conventional composite used as core materials When exposed to moistu-
re, amalgam used as a core material is dimensionally stable while conventional 
composite was found to be dimensionally unstable Equilibrium of water sorption 
and linear expansion was reached after six days. Additionally, the modulus of elasti-
city of composites most likely to be used in posterior teeth is about one-third of the 
modulus of elasticity of amalgam4b At this time, relevant laboratory models to inves-
tigate the influence of the wet oral environment and temperature fluctuations on 
composite-tooth interfaces are unknown Therefore clinical trials should give the 
needed information. 
The actual dimensions of the pulp chambers of the tested specimens were not mea-
sured. Fanibunda109 has devised a method to produce a replica of the pulp chamber 
and root canals For first molars a mean total volume of 53 mm3, for second molars 
33 mm3 and for third molars 31 mm3 was found It may be expected that the residual 
dimensions of the pulp chamber after endodontic therapy have an influence on the 
resistance level of dowels and cores. Completing the endodontic treatment with an 
apical obturation might affect the strength of the teeth Care was taken to enlarge the 
root canals not more than necessary for reaching the apical region Randomising the 
distribution of the molars over the experimental groups, may diminish the size 
effects for the mean results per group. 
The results of the experiments imply that with regard to resistance to oblique forces, 
the introduction of auxiliary retention by means of pinholes in the dentin wall sur-
rounding the pulp chamber (control group H), would also be an adequate restora-
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live method for pulpless molar teeth However, this implies the additional elimina-
tion of sound dentin where a large pulp chamber of an endodontically treated molar 
could offer at least the same amount of resistance So application of amalgam pin-
holes or self-threading pins is not recommended for pulpless molar teeth The resis-
tance level found for this second control group H is in accordance with an earlier 
study to the resistance level of restorations with auxiliary retention under an oblique 
load (section 2 2 3, mean 1185 ± 187 N), which indicates that the experimental 
method seems to be consistent and reliable 
Conclusions 
This in vitro study supports the approach of not removing too much remaining tooth 
structure to adapt endodontic treated molars for a cast dowel and core Preservation 
of sound dentine, and adapting the amalgam or composite resin core to the teeth, 
leaves more tooth structure and makes easy rebuilding possible with a restoration 
which is strong enough to resist forces of about 1000 N The present study indicates 
that amalgam (dowel) cores and composite resin (dowel) cores are acceptable 
alternatives, in comparison with the cast metal dowel and core foundation for the 
restoration of endodontically treated molars In cases in which the requirements for 
the restoration are greater than normal, such as in bruxism or in case the molar has 
to function as an abutment, one should be mindful of the proven qualities of cast 
dowels and cores 
Summary 
The restoration of broken-down pulpless molar teeth generally implies the provision 
of a cast dowel and core with a crown In this research the failure resistance of some 
restoration methods utilizing amalgam and composite dowel and cores were investi-
gated under an oblique load 
Significant differences could be detected between the cast dowel and core, the 
methods utilising composite resin and the methods utilising amalgam 
All systems could resist forces of more than 1000 Newton So it is expected that all 
investigated dowel and core techniques are strong enough to function within nor-
mally occurring forces in the oral environment The results suggested that intracoro-
nal reinforcement with a prefabricated dowel did not significantly increase the in 
vitro resistance 
Long-term clinical evaluations should give the needed information about the durabi-
lity of alternative dowel and cores and the influence of possible destructive factors 
on this durability and the failure mode 
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Occlusal stability 
'The appearance of the occlusion is not related to function much more than the 
external appearance of the nose is related to breathing' 
RamfjordandAsh, 1983 
Introduction 
Tooth contacts are an intrinsic phenomenon of functioning of the dentition Apart 
from normal physiological functions such as chewing and swallowing, perverted 
functions such as bruxism or clenching, may also introduce tooth contacts between 
opposing teeth Permanent molars and premolars contribute substantially to occlu-
sal stability This stability is thought to be dependent on the number and quality of 
occlusal contacts5517 259 
The number and location of occlusal contacts have a profound influence on the dis-
tribution of occlusal forces As the total number of occlusal contacts increases in an 
occlusal scheme, the occlusal force is applied over a larger number of locations also 
reducing the local stress In addition, it is suggested that a larger number of contacts 
resulted in a more stable occlusion, thus increasing the cutting and grinding capabi-
lity of the masticatory system238 
Figure 5-1 Both m ideal occlusal tnpodism contact (a) as m the contact between 
cusp and fossa bottom (b), the teeth are loaded axially l6S 
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Theoretically, in complete closure of an idealised, sound and unworn dentition the 
supporting cusps contact the opposing inclines leading to the fossae Thus a suppor­
ting cusp in closure is held in precise firm position by at least three contacts (tnpo-
dism) ^ 2 These contact relations deteriorate with attrition and wear of the dentition 
Also restorative procedures attribute to this process in which the supporting cusps 
seat more close to the bottoms of the fossae until there are flat surface contacts2b9 
(figure 5-1) 
Clinical studies showed lower number of contacts than could be expected on the 
basis of theoretical tripodismь 288 ? 6 9 So it is more realistic to pursue in the restoration 
of occlusal surfaces the stabilisation of each supporting cusp with at least one contact 
on a flat surface (seat)3 3 8 2 b 9 
The restorative procedures involved in fabricating EA restorations can have a major 
effect on the forces transmitted to the tooth and its supporting structures This poten 
tial is larger than in standard Class I and II restorations, because of the extent of the 
missing structural form that is replaced 
Many clinicians are sceptical about the capability of large amalgam restorations to 
contribute to occlusal stability?" '54 The reproduction of occlusal morphology in EA 
restorations is difficult Also if initial occlusal contact is established, amalgam tends 
to deform slowly under occlusal load, leading to changes in occlusal support Other 
authors are more positive and claim that these restorations may adequately support 
the posterior forces of occlusion ш When EA restorations are considered a good 
restorative option for molars, more information is needed on the occlusal support 
capabilities of amalgam, both initially and after several years of functioning 
A reliable method for measuring the occlusal stability would be a most useful tool to 
collect this information 
Several methods for studying occlusal contacts have been described Most of them 
are indirect ' ^ 8 7 ' 2 1 8 1 9 6 Indirect extraoral measuring methods tend to be complica 
ted and therefore not suitable for practical application 
By contrast direct intraoral methods, using coloured plastic foils are simple2 6 8 I e 7 28ü 
Using this method, Ruse and Ericson269 found a mean number of contacts on molars 
of 1 0 to 2 1, depending on the muscle pressure applied 
Despite all technological advances in dental practice, there is no simple method to 
assess the results of dental treatment in terms of the occlusal contact situation 
If occlusion is to be assessed according to a scale, the precision, validity and repro-
ducibility of the method must be known In this section a direct technique for asses 
sing the occlusal contacts of molars will be described Furthermore, the interobser-
ver agreement of this occlusal topographic contact rating method will be analysed 
At last the actual occlusal status of intact and restored molars will be presented 
These studies can be used as reference to the longitudinal evaluation of the occlusal 
stability of EA restorations 
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The occlusal topographic contact method 
To study the occlusal status of molars, the occlusal design of the molar was determi­
ned utilizing an occlusal topographic plan In this plan, the occlusal surface of the 
molar was divided into seven areas (figure 5-2) 
Figure 5-2 Schematic topographic plan for both maxillary and mandibular molars 
Q j = ideai contact m supporting fossa, 
φ = ideal contact on supporting cusp 
The areas were the mesial and distal buccal cusps, and the lingual/palatal cusps and 
the mesial, central and distal fossae The two disto-buccal cusps in mandibular 
molars were considered as one area A standard transversal relationship of the 
upper and lower jaw, usually reveals the two palatal cusps of maxillary molars and 
the two buccal cusps of mandibular molars as the supporting cusps According to 
this schematic approach of the occlusal surface, each molar has maximal five poten­
tial contact areas in case of a standard transversal relationship 
In the clinical situation, occlusal recordings were made with 0 02 mm thick GHM 
occlusion test foil (Gebr Hanel Medizinal, Nürtingen, FRG) It produces small, well 
defined marks and is the least susceptible to an increase in force compared to other 
systems I J / 1 6 / ? 8 b 
The subjects were positioned in a slightly reclined position and were asked to tap 
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their teeth in the mtercuspal position. For each area the presence or absence of con­
tact was recorded These decisions were dichotomous (yes/no) of nature Two or 
more contacts in a particular area were scored as one. Hence, the number of con­
tacts for each molar could range from zero to five. 
5.3 The interobserver agreement 
5.3.1 Materials and methods 
To study the mterobserver agreement of the occlusal rating method, three calibra­
ted clinicians evaluated the occlusal contacts of the first permanent molars in 100 
subjects. The examiners received a brief introduction to the system and took part in 
a training session. To limit chair time for each subject examined, it was decided to 
eliminate an agreement session and to test the agreement of each examiner with the 
two others The criteria for the selection of the subjects were intact dental arches 
and a normal cusp-fossa or cusp-crista relation in the molar region 
5.3.2 Results 
In total 2800 areas were evaluated by the three observers (А, В and C) The num­
bers of concordant and discordant observations for the three observers are set-out 
in table 5-1 
Unanimous agreement (all observers concordant) and consensus agreement (one 
observer discordant, two observers concordant) are distinguished From this table it 
may be calculated that only 37% of the areas showed positive occlusal contact 
Seventy-nine per cent of the decisions was taken unanimous Consensus agreement 
decisions were taken in 86% of the decisions. This agreement was the same for all 
Table 5-1 The number and percentage of concordant and discordant observations 
of all areas (n = 2800) by the three observers (А, В and C) divided m positive or 
negative contact. 
Contact + 
Contact -
Total 
M o b s 
concordant 
758 
1449 
2207 
(79%) 
A 
discordant 
85 
114 
199 
(7%) 
В 
discordant 
112 
80 
192 
(7%) 
С 
discordant 
92 
110 
202 
(7%) 
Total 
all areas 
1047 (37%) 
1753 (63%) 
2800 
(100%) 
60 
three concordant pairs of observers (P0 = 0.86). The expected agreement by 
chance (Ρ
Θ
) based on a proportional distribution of the ratings was 0 53. The Kappa 
percentage for interobserver agreement (calculated as Kappa = (Ρ0-Ρθ)/(1-ΡΘ) x 
100%) was found to be the same for all three concordant pairs of observers being 62 
per cent (Kappa = 0 62). 
The Kappa coefficient may be interpreted as the percentage agreement between 
the observers after that the percentage agreement to the expected by chance is eli­
minated. It serves as a measure for intraobserver but especially for interobserver 
reliability and is applicable for nominal scale measurements.70 
In order to test for systematical differences between the observers' results, the sign-
test was applied./3 In the observer combinations Α-B and С В, observer В scored 
significantly less contacts than A or С (both ρ < 0 01). There was no significant syste­
matical difference between observers A and С 
Due to the almost ideal cusp-fossa and cusp-ridge relationships in the molar region, 
a high level of concordant negative contact scores was expected for the non-sup­
porting cusps To correct for this possible positive bias for the 2800 contact areas, a 
new calculation was made for the five potential contact areas. The results of these 
areas are given m table 5-2. 
Table 5-2 The number and percentage of concordant and discordant observations 
of the five ideal potential contact areas (n = 2000) by the three observers (A, В and 
C) divided into positive or negative contact. 
Contact + 
Contact -
Total 
M o b s 
concordant 
711 
813 
1524 
(76%) 
A 
discordant 
66 
95 
161 
(8%) 
В 
discordant 
100 
58 
158 
(8%) 
С 
discordant 
82 
75 
157 
(8%) 
Total 
all areas 
959 (48%) 
1041 (52%) 
2000 
(100%) 
The same statistical methods were applied to the results of the 2000 ideal contact 
areas. The observed agreement for all three pairs of observers was 84 per cent and 
the expected agreement by chance of the ratings was 50 per cent. Hence, restric­
ting the analysis to the 2000 ideal contact areas, a Kappa value of 68 per cent was 
found for each pair of concordant observers. 
The results of the sign-test indicate that observer A scored significantly more con­
tacts than both observer В and С (p < 0 05). Observer В scored significantly less 
contacts than both observer A or С (p < 0 01). 
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5 3 3 Discussion 
In an ideal transversal relationship of the maxilla and mandible, the two palatal 
cusps of the maxillary molars and the two buccal cusps of the mandibular molars are 
the supporting cusps According to this ideal model of the occlusal surface, each 
molar has five ideal contact areas in case of a normal transversal relation However, 
when no ideal relation exists between upper and lower molars, contacts on non-sup­
porting cusps are possible When the results of the statistical analysis of the 2800 
contact areas were compared with the results for the analysis of the 2000 ideal con­
tact areas, an increase of six per cent was found in the Kappa value Excluding the 
high chance of a negative score for contacts on non-supporting cusps, improved the 
interobserver agreement due to the more even distribution of positive and negative 
contacts 
The uncorrected interobserver agreement of 84 or 86 per cent was in the 85 per 
cent range, which is generally accepted as a minimum value?Ί9 2 " m 
The Kappa percentages of 62 and 68 per cent are favourable results for interobser-
ver agreement in a clinical study According to standards described by Landis and 
Koch174, the quality of this method may thus be considered to be 'substantial' (table 
5-3) 
Table 5-3 Quality standards of the Kappa-coefficient (according to Landis and 
Koch174) 
Kappa 
<00 
00 02 
02-04 
04-06 
06-08 
08-09999 
100 
Quality 
poor 
slight 
fair 
moderate 
substantial 
almost perfect 
perfect 
Although there have been systematical differences between the observers (sign-
test), the overall interobserver agreement may be considered to be acceptable 
In conducting this study, it was considered to be important that each observer made 
independent ratings of the contacts and that the observers were calibrated and 
standardised in their assessments In studies, in which only two observers are aval 
lable, forced consensus is generated when disagreement occurs ? / 9 In this study, 
performed by three observers, unanimous and majority decisions could be distin­
guished Such discrimination increases the reliability of the overall judgement and 
diminishes the possibility that one observer creates a bias in the results 14 
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On basis of the 86% agreement between each observer pair (for 2800 areas) it may 
be calculated that, with three observers and a probability (p) of taking the right 
decision being 0 92, the probability of getting the correct majority or unanimous 
decision is 0 98 
No distinction was made between contacts with and without tripodism or between 
contacts occurring on cusp tops, cusp slopes, in marginal fossae and on marginal 
ridges In addition, no distinction was made between point or surface contacts Eva-
luations using these more detailed criteria are often more an evaluation of the clini-
cian's ability to record, rather than a recording of the characteristics of restora 
tionsZJJ In this study it was considered sufficient to record simply the presence or 
absence of contacts in the defined areas The application of such dichotomous deci-
sions probably had a positive influence on the overall agreement level279 
Clinical conducted studies are preferred to study occlusion It is impossible to imi 
tate the true dynamic situation of the occlusion by means of any kind of mechanical 
instrument56 The basis of the occlusal topographic area system is the subdivision in 
functional areas of the occlusal surface Occlusal contact areas are divided into tooth 
incline and cusp areas, marginal ridge and fossa areas and a central fossa area A 
problem which arises with a segment or area assessment method, is to stipulate the 
boundaries of a segment or area 
Without an objective method of monitoring occlusal contact patterns there can be no 
rationale for treatment methods aimed to increase occlusal stability The occlusal 
topographic contact method described, meets the need to assess the occlusal con-
tact situation in a simple way 
5 3 4 Conclusions 
It may be concluded from this study that the occlusal topographic contact method for 
recording the number and location of occlusal contacts is a clinically reliable 
method 
The interobserver agreement for three pairs of calibrated observers was in the 85 
percentage range The Kappa percentages varied between 62 and 68 per cent 
These percentages are considered a good result for the interobserver agreement 
with regard to scoring occlusal contacts The method is recommended for evalua-
tion of occlusal stability 
5.4 The occlusal status of molars 
5 4 1 Materials and methods 
To investigate the actual occlusal status of intact and restored first molars, the occlu-
sal topographic contact method, as described in section 5 2 and 5 3, was used 
It might be expected that the occlusal status depends on the age of the restorations 
and on the degree to which optimal dental treatment is performed For each occlu-
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sal area of each first molar was recorded whether it was intact or restored for the 
major part This was done by agreement between the observers For restored 
areas, a distinction was made between the type of restorations ι e cast restorations 
(crowns, inlays) or restorations made from amalgam (or composite resin) 
The three observers independently rated the occlusal contacts on 400 first molars 
Patient or restoration related variables were recorded for each molar These varia­
bles included 
(1) subject categories of dental students, staff members at the Dental School and 
patients at the Dental School and 
(2) age of the restoration (if present) as younger or older than 3 years 
According to the ideal model of the occlusal surface, each molar had five potential 
contact areas in case of a normal transversal relation In total 2000 supporting areas 
of 400 molars were independently evaluated Unanimous and majority decisions 
regarding the presence or absence of occlusal contact could be discerned 
The data were analysed with regard to the potential supporting areas as described 
in section 5 3 2 
5 4 2 Results 
Seventy-nine per cent of all the recorded decisions were unanimously made, while 
21 per cent of the decisions revealed one discordant observer In these situations 
Table 5-4 Percentage of actual contact and total number of potential contact areas 
(= n) in mandibular and maxillary first molars according to the restorative status of 
each area (n = 2000) 
Maxillary molars 
Disto-palatal cusp 
Mesio-palatal cusp 
Central fossa 
Mesial fossa 
Distal fossa 
Mandibular molars 
Mesio-buccal cusp 
Disto-buccal cusp 
Central fossa 
Mesial fossa 
Distal fossa 
Total 
Intact 
% 
62 
55 
65 
51 
52 
73 
69 
33 
35 
57 
59 
(n) 
(144) 
(153) 
(20) 
(72) 
(96) 
(143) 
(143) 
( 6) 
(58) 
(69) 
(904) 
Amalgam 
% 
15 
0 
54 
33 
37 
44 
57 
28 
12 
24 
32 
(n) 
( 13) 
( 6) 
(134) 
(82) 
(59) 
( 9) 
( 7) 
(139) 
(87) 
(76) 
(612) 
Cast 
% 
37 
29 
66 
39 
36 
65 
76 
53 
20 
42 
46 
(n) 
(43) 
(41) 
(46) 
(46) 
(45) 
(48) 
(50) 
(55) 
(55) 
(55) 
(484) 
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the final decision was regarded as a consensus or majority one and used for further 
analysis 
The percentage of contact for each supporting area as a function of the restorative 
status of each area is depicted in table 5-4 
For example, at 62 per cent of the 144 intact disto-palatal cusps of the maxillary 
molars, an actual contact was recorded, and at 37 per cent of the 43 areas restored 
with cast restorations Only 0 6% of the restored areas involved composite materials 
Therefore the results were considered valid for amalgam restored areas 
Application of the Wilcoxon signed-ranks test (including Bonferrom procedure) 
over the ten areas (5 of upper molars, 5 of lower molars) showed the percentage of 
contacts on amalgam restored areas to be significantly smaller than those on intact 
areas (p = 0 02) and cast areas (p = 0 02) The number of contacts on cast areas sho-
wed no significant difference with the number of contacts on mtact areas (p = 0 3) 
Subsequently, all supporting areas were grouped together for an analysis of the 
occlusal status of the molars for the three subject categories (student, staff member 
and patient) The number of intact, amalgam and cast restored supporting areas, as 
well as the percentage of actual occlusal contacts, is depicted in table 5-5 
Table 5-5 The number of intact, amalgam restored or cast restored areas as well as 
the actual percentages of occlusal contacts on these areas for student-, patient- and 
staff-subjects 
Student 
Patient 
Staff 
Total 
Intact 
% 
58 
58 
67 
59 
(n) 
(470) 
(305) 
(129) 
(904) 
Amalgam 
% 
30 
32 
37 
32 
(n) 
(217) 
(296) 
(99) 
(612) 
Cast 
% 
31 
51 
55 
46 
(n) 
(133) 
(219) 
(132) 
(484) 
Total 
% 
46 
47 
54 
48 
(n) 
( 820) 
( 820) 
( 360) 
(2000) 
To study differences between the three subject categories, subjects who did not 
have mtact, respectively amalgam restored, respectively cast restored areas were 
excluded For example, when a subject did not have mtact occlusal areas on the first 
molars it became impossible to compare the results for intact areas with amalgam 
and cast restored areas For the analysis of mtact supporting areas, 6 subjects were 
dropped from the analysis While 11 subjects were excluded from the analysis of 
amalgam restored supporting areas, 49 subjects were excluded from the analysis of 
cast restored supporting occlusal areas 
In table 5-6 the mean percentages of contacts on intact, amalgam restored or cast 
restored supporting occlusal areas, are depicted for the adjusted subject catego-
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nes For intact occlusal areas an ANOVA did not reveal significant differences 
between the three subject categories (p = 0 3) A lack of significant differences for 
amalgam restored occlusal areas was observed (p = 0 2) However, for occlusal 
areas restored with cast restorations, a highly significant difference existed 
between molars of students and patients or staff (p = 0 0003) 
Pearson's correlation coefficient showed no significant difference m the number of 
contacts between 'old' restorations (> 3 yr) and 'younger' ones 
The mean number of areas with actual occlusal contact for all molars was 2 4 (table 
5-5) The number of contact areas was calculated independent of the restorative 
design of the supporting areas When the restorative design was considered and 
divided into intact, amalgam and cast restored areas, the calculated mean number 
of occlusal contacts was respectively 3 0, 1 6 and 2 3 (table 5-6) 
Table 5-6 The mean percentage and the SD of contacts on intact, amalgam resto­
red and cast restored supporting occlusal areas for the student-, patient- and staff-
subjects (number of observed subjects between brackets) 
Amalgam Cast 
Mean SD η Mean SD η 
% % 
27 19 (38) 32 16 (18) 
32 18 (32) 49 17 (20) 
39 26 (14) 54 13 (13) 
31 20 (89) 44 18 (51) 
5 4 3 Discussion 
The concept of occlusal stability and function is largely based on the premise that 
mandibular cusps fit into the central fossae and embrasures of the maxillary teeth, 
while the maxillary palatal cusps fit into the central fossae and embrasures of the 
mandibular teeth ^ 9 This means that at least four or five potential contact areas are 
present for each molar Ehrlich and Taicher 1 0 J found a high frequency of contacts on 
the first molars resulting in more than 21% of all contacts recorded This underlines 
the importance of the first molars for the occlusion However, individual variations in 
spatial relationships between cusps and fossae in the natural dentition invalidate the 
application of general applicable rules for occlusal contact relations 
In our direct assessment method, each subject was assessed independently by 
Intact 
Mean SD η 
% 
Student 59 16 (40) 
Patient 63 26 (37) 
Staff 69 25 (17) 
Total 62 22 (94) 
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three evaluators as advised by Bailit et allA The calibration and standardisation of 
these evaluators was considered important and was established in a pilot study 
The high interobserver agreement obtained by this method was 84 to 86% (section 
5 3) and led to the conclusion that this method was reliable enough to describe the 
occlusal status of teeth on a general level 
The results of this study indicated that the mean number of contact areas for all 
molars was 2 4 (table 5-5) This was higher than the value (2 1) found by Ruse and 
Ericsson?6q 
Comparing the three restorative design groups, it appeared that introduction of res-
torative dental care had a deleterious effect on the possible number of occlusal con-
tacts The significant difference in the number of contacts on amalgam restored ver-
sus intact areas, meant that a stable occlusal relationship was difficult to reproduce 
in amalgam restorations An explanation for this observation may lie in the difficulty 
of intraoral carving of the restorations withm a short period of time The policy of 
some dentists not to rebuild completely stress-bearing areas as cusps and marginal 
ridges in amalgam, so as to avoid fracture, could also be an explanation Furthermo-
re, subsequent polishing procedures may diminish the number of occlusal contacts 
A study by Fischer113 showed that a reduction of the number of occlusal contacts is 
related to the extension of the amalgam restoration 
The number of occlusal contacts for areas restored with cast restorations was lower 
than expected Clearly in this situation optimal occlusal stability could be created In 
an in vitro study to the use of GHM plastic foils, it was found that polished gold was 
considerably more difficult to mark than other specimens l67 However, in the clinical 
situation, with most restorations older than 3 years, high-lustre restorations seldom 
occur and therefore this argument cannot fully explain the disappointing results 
found for cast areas 
The results must be studied in the context that all patients had an almost 'ideal' trans-
versal contact relation at the first molars However, in the sagittal plane a less 'ideal' 
situation could occur e g due to extractions of premolars for orthodontic reasons and 
the subsequent sagittal movement of teeth For this reason it was not possible to test 
the interaction between the results for a supporting cusp and the theoretically 'ideal' 
opposing fossa Investigating this interaction could be a better method, since the 
presence of a contact is dependent on the combined morphology of upper and 
lower occlusal areas However, selecting a large population with both an 'ideal' 
transversal and sagittal relationship between upper and lower jaw is difficult and 
also not meaningful since that is not a representation of the average subject 
It was found that the age of the restorations had no significant effect on the number of 
occusal contacts for amalgam as well for cast restored areas 
The number of contacts before operative treatment, and the initially created num-
ber of contacts for the investigated molars was not known Therefore, on basis of this 
material, no definite conclusions could be drawn with regard to the long-term occlu-
sal contact behaviour of restorations 
All patients evaluated were associated with the Dental School and therefore are not 
representative for the general population For cast restored areas, staff members of 
the Dental School had a significantly higher percentage (54%) of contact on the sup-
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porting areas (table 5-5) The same tendency was seen for intact and conservative 
restored areas However, these differences were not significant An explanation 
could be, that staff members of a Dental School have more opportunities to undergo 
optimal treatment Staff members demonstrated 54% of the possible contacts of the 
three restorative groups, patients 47% and students 46% (table 5-5) 
5 4 4 Conclusions 
In general it may be concluded that the number of occlusal contacts in the subjects 
of this study with almost ideal occlusion is lower than could be expected on the basis 
of ideal and even modified occlusal schemes Restorative treatment with cast resto­
rations and especially amalgam restorations, further decreases the number of occlu­
sal contacts compared with intact tooth areas 
The calculated mean number of occlusal contacts for a molar is 3 0 for intact tooth 
areas, 2.3 for cast restored areas and 1 6 for amalgam restored areas 
5.5 The occlusal status of extensive amalgam restorations 
5.5.1 Introduction 
The restoration of cusps in amalgam with EA restorations raises questions about 
their occlusal stability2" Ι Μ The problems are related to the difficult reproduction of 
the occlusal morphology in amalgam and the supposedly slow deformation of amal­
gam reconstructed cusps under occlusal loading 
A method to determine the functioning of reconstructed amalgam cusps and fossae 
to some extent, is to compare them with intact natural cusps and fossae If no diffe­
rences exist, it is reasonable to assume that with regard to occlusal contact, areas 
reconstructed with amalgam can function as well as intact occlusal areas 
The aim of this study was to examine the design and quality of the occlusion of EA 
restorations on molars, and to compare these with intact unrestored parts of the 
same molars in the mouth of the patients 
5 5.2 Materials and methods 
EA restorations on molar teeth were selected from a number of controlled clinical 
trials on amalgam and posterior composite restorations 19<l Patients for these trials 
were selected on a number of criteria, such as the level of oral hygiene, the neces­
sity for a number of standard class I or II restorations, no missing teeth and the possi­
bility to create occlusion with the opposing teeth However, before the trial's class I 
or II restorations were made, it was often necessary to place EA restorations in other 
badly mutilated posterior teeth, in order to obtain a proper contour, and proximal 
and occlusal contacts to the experimental restorations The EA restorations to be 
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evaluated were made by three different operators, using traditional restorative 
procedures and high-copper amalgam alloys To evaluate the quality of the occlu-
sion of the EA restoration, the occlusal topographic contact method was used (sec-
tion 5 2) 
Only molars that had a normal transversal relation with their opposing teeth were 
included in the examination All patients with EA restorations were recalled and 
examined The extension of the restorations was recorded according to the occlusal 
scheme of figure 5-2 For each cusp and fossa was recorded whether the major part 
was reconstructed in amalgam Molars in intercuspal position with their opposing 
teeth were registered with GHM occlusion test foil (0 02 mm) (Gebr Hanel Medizi-
nal, Nürtingen, FRG) by one observer More than one contact in a particular area 
was scored as one, resulting in a number of contacts of each molar containing an EA 
restoration between zero (minimum) and 5 (maximum) The operator, the jaw-type 
(maxilla or mandible) and the age of the restoration at the moment of the evaluation 
were also recorded 
The mean number of contacts per molar containing an EA restoration was calcula-
ted The influence of the operator jaw type and age of the restoration on the number 
of contacts was traced with ANOVA At last, percentages of restored and intact 
areas, being in an occlusal contact situation, were calculated for both maxillary and 
mandibular molars containing an EA restoration 
5 5 3 Results 
Eight out of the 103 available molars turned out to have no normal transversal rela-
tion with their opposing teeth These were not further examined Consequently, 95 
EA restorations m 51 patients were analysed The age of the restorations varied 
between 3 months and 6 years 
Table 5-7 The percentage restored occlusal areas of EIA restorations m maxillary 
teeth (n = 45) and the percentage occlusal contacts of the restored and intact areas 
% Occlusal contacts 
Area % Restored Restored Intact 
Cusp mesio- buccal 
disto buccal 
mesio-palatal 
disto-palatal 
Fossa mesial 
central 
distal 
38 12 21 
51 9 45 
33 33 67 
64 28 31 
87 28 33 
100 62 0 
91 29 75 
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The restorative design as well as the occlusal contacts for each occlusal area of the 
combined upper molars (n = 45) and the combined lower molars (n = 50) are 
depicted in table 5-7 and 5-8. For each occlusal area the percentage of amalgam 
reconstructed areas is given. The percentage of occlusal contacts is also given for 
amalgam reconstructed and intact areas. 
Table 5-8 The percentage restored occlusal areas ofEA restorations in mandibu­
lar teeth (n = 50) and the percentage occlusal contacts of the restored and intact 
areas. 
Area 
Cusp mesio-buccal 
disto-buccal 
mesio-lingual 
disto lingual 
Fossa mesial 
central 
distal 
% Restored 
42 
54 
38 
58 
92 
100 
94 
% Occlusal contacts 
Restored 
43 
63 
11 
14 
17 
40 
34 
Intact 
72 
65 
3 
19 
0 
0 
33 
To determine differences in occlusal contacts between amalgam reconstructed 
areas and intact occlusal areas, the 95 EA restorations were further analysed. 
For the analysis within the five potential occlusion supporting areas - i.e. two sup­
porting cusps and three fossae - both amalgam areas as well as intact occlusal areas 
have to occur. Seventy-three EA restorations fulfilled these requirements The mean 
number of potential contact areas that turned out to have effective contact was 2.16. 
Of the potential occlusion supporting areas which were reconstructed in amalgam, 
36% had effective occlusal contact, whereas 60% of the intact occlusal areas had 
effective occlusal contact. This was a significant difference at the ρ < 0.01 level. 
ANOVA was performed to investigate whether this difference was influenced by 
operator, jaw type or age of the restoration. In all cases no significant influence could 
be detected. 
5.5.4 Discussion 
The mean number of contacts of 2.16 areas out of 5 potential contact areas found in 
this study was lower when compared with theoretical ideal occlusal schemes.5"268"269 
The study by Fischer113, in which a reduction of occlusal contacts was found with 
extension of amalgam fillings, was confirmed by our results. The mean number of 
contacts on amalgam restored areas for a molar as found in section 5.3 was 1.6. 
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Whereas for intact sound molars a mean of 3 0 was found That would imply that, m 
molars, that have both intact occlusal areas as well as amalgam restored occlusal 
areas, the mean total number of occlusal contacts would be in between 1 6 and 3 0 
A result of 2 2 for this study is in accordance with this assumption The quality of the 
occlusion (= number of contacts) is also influenced by restorative performance and 
procedures for restorations in the opposing teeth Even if it is considered that in the 
restorative procedures for such large restorations also intact occlusal areas of the 
teeth are reduced and polished, the difference in the number of contacts on amal­
gam and intact areas is remarkable 
An explanation for the significantly higher number of occlusal contacts on intact 
occlusal areas could be that these intact areas compensate for the lack of occlusal 
contacts on amalgam restored areas Whether this is a continuing process, ι e ini­
tially contacts on amalgam areas disappear due to wear and intact occlusal areas 
compensate for this loss of occlusion, must be studied in a long-term setting 
Another point of study is that due to migration, wear and previous restorative proce­
dures, it is not always possible to reconstruct occlusal surfaces to the theoretically 
ideal situation However, even when the occlusion deviates from the theoretically 
ideal one, it may be well adapted to the demands on it, be comfortable and aestheti­
cally satisfying to the patient and have no pathological manifestations or dysfunctio 
nal problems ^7 
A differentiation between potential occlusal contact and effective occlusal contact 
could obtain more precise information on the reconstructive capabilities of amal­
gam The exact location of all the cusps and their opposing fossae can only be seen 
from study casts '4 7 Therefore, in addition to clinical examination of effective con 
tacts, study casts could provide information to make a proper evaluation of potential 
occlusal contacts 
Conclusions 
It may be concluded from this study to the occlusal contact status of molars restored 
with EA restorations, that a significant difference existed between the number of 
occlusal contacts on amalgam areas (36% effective occlusal contacts) and on intact 
occlusal areas (60% effective occlusal contacts) The mean number of occlusal con­
tact areas was 2 2 No significant influence of the factor operator, jaw and age of the 
restoration could be detected 
Summary 
Occlusal stability of molars was studied with an occlusal topographic contact 
method This method was tested for interobserver agreement and the results for 
intact, with amalgam restored and with cast restorations restored molars were cal­
culated Significant differences existed between these three groups 
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Also the number of occlusal contacts on molars with series of previously made EA 
restorations was investigated. Results of these studies can be used as a reference to 
the evaluation of restorative procedures with regard to occlusal stability. 
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Design, materials and methods 
of the clinical trial 
'From the clinical viewpoint there is a great danger in all clinical trials 
It can well be that the material (or method) is not under test but the operators' 
Jacobsen, 1987 
Objectives and hypotheses 
The aim of this clinical study can be described as follows how do EA restorations 
function clinically and which factors have an influence on this functioning'' 
The following two operational hypotheses are the subject of this study 
- the type of retention of the EA restoration has a long-term influence on the clini-
cal functioning of the EA restoration, 
- the operator inserting the EA restoration influences the clinical functioning of the 
EA restoration 
In addition to these hypotheses, data were collected for explorative analyses in 
order to find factors possibly influencing the clinical functioning 
The clinical functioning of the EA restorations was determined by an evaluation of 
both incidence and nature of failures as well as necessary maintenance treatments 
during the trial Moreover, occlusal stability, marginal integrity, and gingival and 
pulpal health of the experimental teeth and restorations will be evaluated (see sec-
tion 1 7 and 1 8) Treatment times for fabricating the EA restorations will also be 
looked at 
Research design 
The validity of the results of a clinical study is strongly dependent on the design of 
the study and the applied measurement techniques Research methods can be 
arranged according to different characteristics in several categories3'3 On the basis 
of the characteristics of the method, observational (case studies, replacement stu-
dies and clinic or practice analyses) and experimental (clinical trials, clinical scree-
nings) research designs can be discerned Longitudinal and cross-sectional 
research designs are defined on the basis of the nature of data collection Finally, 
according to the direction of the data collection, retrospective or prospective stu-
dies are possible 
The most valid method in clinical research is the one in which causal relationships 
are assessed An experimental prospective longitudinal study, in the form of a ran-
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domised controlled clinical trial is widely regarded as the principal method for 
obtaining a reliable evaluation of treatments. This has become the standard 
research design for evaluation of medical and dental therapies. A randomised con-
trolled clinical trial was defined by Bulpitt48 as 'A carefully and ethically designed 
experiment which includes the provision of adequate and appropriate controls by a 
process of randomisation, so that precisely framed questions can be answered'. 
The requirements of clinical trials in order to study causality are summarised by 
Sturmans3'3 as follows 
(1) Both experimental and control groups are included 
(2) Treatment (independent) variables have to be allocated at random to the 
research groups. 
(3) Observations must be carried out on the basis of strictly defined evaluation crite-
ria 
(4) Bias has to be eliminated as far as possible by manipulation of the treatment allo-
cation based on independent variables 
(5) Statistical analysis and interpretation must have evidential values 
In general, to provide the outcome of a trial, data from the experimental groups are 
compared with those from the control group that receives a standard treatment, a 
placebo (an inactive treatment), or no treatment.255 In our trial, experimental groups 
are compared with a control group that received a standard treatment. 
In clinical trial design, topics of particular interest include bias-reducing techniques 
of randomisation and blinding, description of statistical methods employed, subject 
selection criteria as well eis sample size and discriminative power calculations 
6.3 Variables 
In clinical trials, disturbing external influences are controlled by manipulation of 
some of the independent variables in the allocation protocol. Other independent 
variables are uncontrolled or so-called background variables. These could possibly 
influence the results of the therapy and are subject to explorative analysis. 
Dependent variables are the evaluation criteria on the basis of which the functioning 
of the restoration is measured. 
The variables manipulated by the investigator, i.e. the experimental variables were: 
1 The refenfion method for the EA restoration, as the main experimental variable. 
The levels or options were: - amalgam pins 
- amalgam slots 
- circumferential amalgam slot 
- dowel in endodontically treated molar 
- self-threading pins (control). 
The experimental and control retention methods are graphically depicted in 
figure 6-1. 
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Figure 6-1 A graphic representation of the location and the relative dimensions of 
the various retention methods applied m the clinical trial (A) amalgam pms, (В) soli­
tary amalgam slots, (C) circumferential amalgam slot, (D) self-threading pms and (E) 
dowel and amalgam core 
2. The operator fabricating the E A restoration 
The levels were1 - operator I 
- operator II 
- operator III. 
Some of the background variables possibly influencing the results of the treatment 
with EA restorations were. 
- tooth type 
- extension of the experimental restoration 
- initial occlusion of the dentition of the patient 
- initial restorative degree of the dentition of the patient 
- initial gingival status of the dentition of the patient 
- age of the patient 
- sex of the patient 
- recruitment group of the patient 
- education level of the patient. 
For evaluation of a therapy exact measurements are preferred, for example bulk 
fracture or dislodgement of the restoration or fracture of the tooth. In reality, how­
ever, many trials have to rely on evaluation criteria, which cannot be determined 
accurately or precisely 
The evaluation variables viere based on some specific and general clinical criteria 
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Specific for the experimental restorations were 
- clinical behaviour of the EA restoration and the experimental tooth (failures) 
- loading of the cusps of the EA restoration and the tooth 
- occlusion of the EA restoration and the tooth 
- marginal integrity of the EA restoration 
- gingival status of the experimental tooth (PB1) 
- proximal contact of the experimental tooth with the adjacent teeth 
General criteria for the dentition were 
- restorative degree of the dentition of the patient 
- occlusion of the dentition of the patient 
- gmgival status of the dentition (PBI) 
Several evaluation observations were made to measure specifically the effect of the 
experimental variables The same observations, together with observations on the 
dentition level, will be used to measure the efficacy of the EA restorations in general 
(table 6-1) 
During the insertion of the EA restorations the observations were aimed at the clini-
cal procedures applied and the treatment tune necessary for completing each treat-
ment phase 
The follow-up of the EA restoration concerned evaluation of the patient's opinion and 
the dentition, evaluation of the EA restoration and the experimental tooth and eva-
luation of the performance of the EA restoration This was done in relation to failures 
and registration of deteriorations which occur in the course of time, and which might 
have an influence on the durability or life span of the restorations 
Table 6-1 Applicability of the evaluation variables with respect to the aims of the 
study 
Evaluation observation 
Patient 
Questionnaire 
Dentition 
Restorative degree 
Occlusion 
PBI 
EA restoration/tooth 
Failures 
Occlusion 
Loading cusps 
Marginal integrity 
PBI 
Proximal contact 
Retention 
method 
X 
Operator 
X 
X 
X 
X 
X 
X 
X 
Function of 
EA restoration 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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A disturbing factor in studying failures of amalgam restorations is the subjective 
interpretation of failure guidelines and the need for replacement.1 7 1 6 5 There is an 
evident need to establish valid, reliable, and universally accepted guidelines that 
are sufficiently specific to minimise subjective interpretation.140 
Letzel et al.194 divided failures of amalgam restorations into three causal types: 
- Failures directly related to the restorative material, that is the material and its 
manipulation to a restoration, such as bulk fracture, crista fracture and recurrent 
caries. 
- Failures related to the restorative process, that is the result of the decision 
making process of the operator, such as primary canes, tooth fracture and pulpal 
involvement 
- Failures caused by external factors, such as malocclusion, accidents and extrac­
tion for orthodontic treatment. 
This division is questionable, because a differentiation between the effect of the 
material and the effect of the clinical procedures is often difficult to establish in this 
type of research.62 
In judging possible failures, the essential decision for the dentist and the patient 
should be whether clinical action is necessary and which solution is the best Conse­
quently, the criteria for clinical assessment must distinguish between differences in 
clinical action Эт8 
In this trial the following failure classification was used. 
- 'Absolute' failure. 
The EA restoration cannot remain in function. 
The restoration is dislodged or has to be removed in order to prevent damage of 
the dentition or discomfort for the patient. This is the case when bulk fracture of 
the restoration or fracture of the tooth has occurred. Absolute failures may be 
subdivided according to whether the tooth is considered re-restorable or not re-
restorable. This is judged on the basis of whether or not fracture of the tooth 
extended more than 2 mm below the cemento-enamel junction 
- 'Relative' failure 
The EA restoration can remain in function, but some action has to be undertaken 
in order to prevent an 'absolute' failure. This clinical action could be an endodon­
tic treatment or the insertion of a marginal restoration in contact with the EA res­
toration in the experimental tooth. 
- 'Lost to follow-up'. 
The EA restoration and experimental tooth could not be evaluated due to moving 
of the patient to an other region, extraction for orthodontic reasons, accidents not 
related to the dental function (road accidents or accidents at home) and refusal of 
the patient to attend an evaluation session. If the patient insisted on the fabrica­
tion of a cast crown on the experimental tooth, this tooth and EA restoration were 
also considered as 'lost to follow-up'. 
In all other cases in which the restoration could be evaluated, the experimental tooth 
and restoration were considered as not having failed. Restorations with higher 
scores of marginal deterioration were assumed as not having failed as long as no tra­
ces of caries could be detected and no marginal restoration had to be inserted 
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6 4 Trial organisation 
6 4 1 Protocol 
A clinical trial cannot be adequately reviewed without information about the design 
of the study, the methods used and the statistics applied for analysis of the results2S' 
An essential aspect in planning a clinical trial is the protocol in which the trial design 
is described It should provide detailed specifications of the trial procedure and it 
should include a description of the motivational background of the trial, specific 
aims and the rationale behind the chosen trial design ш 2ЬЬ 
This protocol was screened on its ethical acceptability by the Committee Experi­
mental Research on Man and confirmed by CEOOM nr 8408-5326 
6 4 2 Trial size 
Information about the power of a trial is required to give some idea of the adequacy 
of the plan for the clinical trial The statistical power of a trial is the probability of 
detecting a real (statistically significant) and important (clinically relevant) effect, if 
it is present The larger the sample size and the magnitude of an interesting effect, 
the greater is the power With regard to the power of a trial, sample size is an essen­
tial factor under control of the investigator 
The sample size is usually established on the basis of 
- measurement error and biological variation 
- the accepted chance of a false significant result (significance level = alpha) 
- the accepted chance of a false significant negative result (beta = 1 minus power) 
given the difference to be detected (delta) 
- anticipated patient drop out 
When designing a clinical trial, there must be some notion of the difference 
between the treatments employed, that would be considered to be of clinical impor­
tance '1 5 It was assumed that the 5 year survival rate of EA restorations is in the mag­
nitude of 85% ж 120 2 7 2 
In estimating the initial sample size, it is important to take into account the probable 
loss of subjects over the period of the study, since the drop-out may influence the 
power This drop-out may be selective and therefore introduce bias Experience 
from previous clinical trials on amalgam restorations, composite resin restorations, 
and adhesive bridges in the Nijmegen Dental School, showed mean patient recall 
rates of about 95% after five years И 4 w 194 From this experience drop-out may pro­
bably be neglected in this study 
Since it is difficult to formulate realistic expectations for the results between the 
retention types (delta), a less sophisticated approach was used in this study The 
sample size was established on the basis of the accepted error in the estimation of 
the survival rate per retention type taken at five per cent In figure 6-2 the error of 
survival rate is shown for a group size of 30, 60 and 120 samples for each retention 
method 
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Figure 6-2 The error of the estimated survival rate for a group size of η = 30 η =60 
andn = 120 
The error (m percentage) of survival rate is lOOV pq/n In this formula η = group 
size ρ = survival rate and q = the complementary failure rate (p + q = 1) From 
figure 6-2 it may be seen that for a sample size of η = 60 and for a survival rate of 
85%, the error of the survival rate is 4 6% Figure 6 2 also shows that the expected 
survival rate of 85% is not a very critical choice in this calculation If the survival rate 
comes out at 50%, the error will only be a little higher (i e 6 4%) 
For this study, the trial sample size, needed to describe the influence of the mam 
experimental variable sufficiently, was set up at 60 restorations for each retention 
method 
In total four experimental retention methods had to be tested and compared with the 
control group, resulting in an insertion of 5 χ 60 = 300 restorations 
6 4 3 Selection of patients 
The main objective m patient selection is to ensure that patients in the trial may be 
considered as representative to other patient groups to whom the trial findings may 
be applied (external validity) Another objective is to secure the patient group from 
disturbing factors such as bad general health or incomplete dentitions (internal vali 
dity)2 5 5 Principal aspects to be considered in patient selection are the source of 
patient recruitment, the dental lesion under investigation and the specific criteria for 
participation of patients 
For the patient recruitment an appeal was addressed to ( 1 ) the staff members of the 
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restorative departments of the Dental School, (2) the participating dentists in the 
Centre for Restorative Clinical Research at the Dental School and (3) a group of 
general practitioners in the region of Nijmegen. 
The following criteria for the dental lesions were applied: 
- Patients were required to have at least one first or second molar that required an 
EA restoration. The lesion could be either of the untreated variety or of the repla-
cement variety and would require auxiliary retention. 
- Experimental teeth should not show severe periodontal breakdown or disease. 
- Experimental teeth should not show radiographically compromised apices or 
predictable pulp exposure. 
Participation entena for patients were: 
- The patient should be healthy and should be willing to return at regular intervals 
for evaluation. 
- The patient was required to have a well treated almost complete dentition and 
further dental care was secured. 
- Patients should be informed of the nature of the procedures and possible dis-
comfort and risk of the treatment. The patient must be prepared to sign an infor-
med consent. 
The selection was carried out by the main investigator. 
Only a small group of patients had to be excluded from the trial, mainly on the basis 
of questionable prognosis of the experimental molar or problems in finding conve-
nient treatment times After informed consent no patient withdrawels were encoun-
tered. 
It may be expected that due to the selection criteria and the participating recruit-
ment groups in a university city, a relatively young population with a relatively high 
level of education will be selected. This means that the group is not completely 
representative for all patients. 
6.4.4 Operators 
Operator effect is a very important clinical parameter, not only in designing control-
led climal trials, but also in relating results of such trials to practising dentists. 
In order to avoid unfavourable operator variability on the results, several operators 
are required in a clinical trial20212', In general a larger number of operators impro-
ves the external validity of the trial results. 
Three dentists participated in fabricating the EA restorations. At the time the opera-
tors started to participate in the clinical trial, they could be characterised as follows: 
Operator I. dentist with 7 years experience, part-time general practitioner and 
staff member of the Dental School. 
Operator II dentist with 12 years experience, part-time general practitioner and 
staff member of the Dental School 
Operator III. dentist with 1 year experience and part-time staff member of the Den-
tal School. 
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Operators I and II had thorough experience with the fabrication of EA restorations at 
the start of this study, while operator III had hardly any experience Although the 
experience of the operators differed, their university background was the same 
This implies that the operators may not be considered to be representative for the 
general practitioner 
Patient pre-treatment characteristics 
In total 130 patients were included in the trial, their ages ranging from 17 to 54 years 
The mean age of the patients was 32 years Eighty per cent of the patients was 
between 22 and 44 years of age 
Sixty-seven patients were female (51%) 55% of the EA restorations were fabricated 
on molars of female patients Sixty-three patients were male (49%) and received 
45% of the restorations A t-test showed no significant difference in the mean age of 
males (33 years) and females (31 years) (p = 0 2) 
Treatment allocation 
The essence of a good trial design is the elimination of disturbing factors A major 
bias-reducing technique in clinical trials is randomisation62 In the randomisation 
process, subjects are allocated in such a way, that chance alone determines the 
assignment of therapy and consequently the uncontrolled variables are equally das-
tributed to the expenmental and control groups However, it may not be expected 
that randomisation makes the groups completely equal 
The advantages of randomisation are (1) the elimination of bias from the assignment 
of treatment, (2) balancing the treatment groups with respect to prognostic factors or 
background variables6 and (3) the provision of the necessary theoretical basis for 
drawing inferences from the trial results ^7 
A procedure called balancing or stratified randomisation is adapted in an attempt to 
avoid the unlucky possibility of ending up with unbalanced groups at the start of the 
trial by any factor known to have possible influence on future results 
For the allocation of the patient to the operator the following patient variables were 
used in this procedure (1) age, (2) sex and (3) number of EA restorations 
For the allocation of the treatment (i e the auxiliary retention method) to the tooth 
the following toofn variables were used (1) tooth type (first or second molar) and (2) 
location of tooth (upper or lower jaw, left or right side) 
The allocation was executed computer assisted The intention was that all three ope-
rators treated an almost equal number of male and female patients, older and youn-
ger pahents and with an equal number of EA restorations per patient The patient 
allocation to the operator was performed first, followed by the treatment assignment 
to the tooth To exclude possible operator dependent preferences, the retention 
method as main experimental variable was assigned as evenly as possible, inde-
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pendent of the oral situation AU EA restorations of one patient were made by the 
same operator In order to exclude possible bias, the auxiliary retention method was 
announced to the operator after the basic cavity preparation phase was finished 
To test the quality of the stratified randomisation the distnbution of pre-treatment 
characteristics over the experimental variables (i e the retention method and the 
operator) was analysed 
Table 6-2 shows the distribution of patient variables over the operators Chi-square 
tests and one-way ANOVA were conducted to find differences in these distribu­
tions No significant differences were found 
Table 6-2 Distnbution of patient variables according to operator (I, II and III) and 
the results of the chi-squaie test or ANOVA (ρ) 
Patient variables 
Mean age m years 
Sex male 
female 
Number of EA restorations 
per patient 
Total 
1 
2 
3 
4-8 
I 
33 5 
23 
21 
21 
10 
5 
8 
44 
Operator 
II 
32 0 
20 
23 
20 
8 
4 
11 
43 
III 
316 
20 
23 
19 
11 
5 
8 
43 
Total 
32 4 
63 
67 
60 
29 
14 
27 
130 
Ρ 
05 
08 
05 
The average number of EA restorations made for each patient was for operator I 
2 27, for operator II2 33 and for operator III 2 33 
Sixty patients only had one molar treated with an EA restoration while one patient 
had all the first and second molars treated with an EA restoration 
The distribution of the tooth variables and the retention method over the operators is 
presented in table 6-3 
The distribution of the retention methods (the main experimental variable) over the 
operators showed no significant differences according to the chi-square test Also 
no significant differences were found in the distributions of tooth type over the ope­
rators The intention to have 60 samples for each retention design was not achieved 
for the dowel variant on endodontically treated teeth This was not considered to 
disturb the design of the trial Instead, more molars were treated with the other 
retention methods 
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Table 6-3 Distribution of tooth variables and retention method according to opera­
tor (I, Hand III) and the result of the chi-square tests (p) 
Tooth variables 
Molar 6 
7 
Jaw upper 
lower 
Jaw side right 
left 
Retention method 
self threading pins 
amalgam pins 
solitary amalgam slots 
circumferential amalgam slot 
dowel 
Total 
I 
57 
43 
39 
61 
42 
58 
21 
22 
19 
23 
15 
100 
Operator 
II 
63 
37 
37 
63 
48 
52 
22 
23 
24 
19 
12 
100 
III 
57 
43 
39 
61 
48 
52 
24 
22 
20 
20 
14 
100 
Total 
177 
123 
115 
185 
138 
162 
67 
67 
63 
62 
41 
300 
06 
09 
06 
10 
Table 6-4 Distribution of associated tooth variables according to experimental 
group and the result of the chi-square tests (p) 
Tooth variables Self Amalgam Solitary Circum- Dowel 
threading pin amalgam ferential 
Total ρ 
Molar 6 
7 
Jaw upper 
lower 
Jaw side right 
left 
Sex* male 
female 
Age (years)* 
Total 
pin 
38 
29 
25 
42 
29 
38 
30 
37 
33 0 
67 
36 
31 
22 
45 
29 
38 
31 
36 
33 3 
67 
slot 
32 
31 
21 
42 
26 
37 
26 
37 
32 5 
63 
amalgam 
slot 
41 
21 
26 
36 
32 
30 
29 
33 
319 
62 
30 
11 
21 
20 
22 
19 
18 
23 
35 5 
41 
177 
123 
115 
185 
138 
162 
134 
166 
33 0 
300 
0 1 
03 
06 
10 
05 
* Sex and age are not directly tooth related variables, but associated with the teeth through the 
subject 
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It may be concluded that the patient, tooth and treatment assignment has resulted in 
an almost even distribution over the operators Table 6-4 shows the distribution of 
the background variables over the experimental groups There were no significant 
differences It was concluded that the stratified randomisation (balancing) of the 
experimental groups was successful 
64 7 Treatment procedures 
The time between the enrolment of the first patient in the trial and the treatment of 
the last patient was twelve months During this year, in total 130 patients were trea-
ted with 300 EA restorations 
The restorations were made under conditions standard for the Nijmegen Dental 
School, according to the treatment protocol outlined in section 7 Treatment was 
performed with the help of a dental assistant The dental assistant recorded the time 
needed to complete each treatment phase 
6 4 8 Measurement procedures 
To study the functioning of the EA restorations and potential variables affecting their 
clinical performance, several measurements have to be performed (section 1 7) 
It is expected that subgingival margins of the EA restoration induce periodontal pro-
blems and possibly gingivitis due to increased plaque accumulation and deficient 
oral hygiene26S133 239 Assessment of the gingival health of the experimental tooth 
and the dentition was made according to the Papillary Bleeding Index (PBI)282 This 
is a modification of the Sulcus Bleeding Index228 
In general, papillae are the first parts of the periodontium that become affected and 
the last to heal For this reason bleeding of papillae is a good indicator for periodon-
tal health Bleeding of the papillae demonstrates for both the patient and the dentist 
that a substantial deviation of periodontal health is present In order to monitor the 
periodontal status of patients, bleeding upon probing is regarded as an objective 
parameter 13317b The PBI-index seems positively correlated with other (SBI and SF) 
clinical indices of the periodontium 107 '14 For the evaluation of the dentiton of the 
patients in this study, a restricted approach was used, by which six index teeth (16, 
21, 24, 36, 41 and 44) were investigated258 187 These teeth together strongly indicate 
the periodontal state of health of the entire mouth26 When index teeth were missing 
no substitutions were made For the measurement a blunt periodontal probe (Wil-
liams, Hu Friedy) was carefully inserted into the gingival sulcus at the base of the 
papilla and then moved coronally to the papilla top 
For tooth number 21, 24, 41 and 44 the mesio-buccal side was measured, and for 
tooth number 16 and 36 the mesio-lingual/palatal side was used The intensity of any 
bleeding thus provoked was recorded on a 0-4 scale 
0 = no bleeding, 
1 = a single discrete bleeding point appears, 
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Ζ = several isolated bleeding points as a single fine line of blood appears, 
3 = the interdental triangle fills with blood shortly after probing, 
4 = profuse bleeding occurs after probing, blood flows immediately into the 
marginal sulcus. 
To evaluate the gingival status of the experimental tooth, the PBI was also used. 
Measurements using the same scale were performed at both the mesio- and disto-
buccal and palatal or lingual papillae. The first measurement was performed after 
the polishing session by the operator involved. 
The marginal integrity of the EA restoration was clinically recorded with a trajectory 
method using a sickle probe (Maillefer no. 6) without pressure but in steady contact 
Each separate section of the outline as depicted in figure 6-3 was scored This 
should provide more detailed information on both occlusal, lateral and proximal cer­
vical margins as the Ryge system does, in which only one marginal integrity rating is 
Figure 6-3 A schematic representation of an unfolded EA restoration m a molar 
consisting of two reconstructed mesial cusps and an extension to the distal proximal 
surface. Sections m this trajectory method to be scored were m area 2, 3, 5, 8, 9, 10, 
11 and 13 Sections m area 1, 4, 6, 7, 12 and 14 were considered to have no margins 
of tooth surface with the amalgam restoration and are therefore not scored. As a rule, 
the inner curve of the outline of the restoration had to be scored. 
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given for an entire restoration Several methods have been used to study the 
marginal integrity of amalgam restorations Indirect techniques include the evalua­
tion of black and white photographs of restorations240189, impressions of restora­
tions220 or different types of casts of such impressions219 
The important point in selecting a direct clinical method in this study for evaluation 
of marginal integrity, is that all indirect techniques mainly evaluate the occlusal sur­
face Secondary caries is still a mam reason for replacement of amalgam restora­
tions Most frequently the location of secondary caries is found to be gingivally and 
proximally This implies that the link between occlusal marginal deterioration and 
secondary caries is weak?'23 Thus the predictive qualities for the durability of exten­
sive restorations of indirect evaluation methods concentrating on occlusal marginal 
deterioration are reduced 
For a molar maximally 14 sections may be investigated When in a specific area the 
margin of the EA restoration was present, a four point scale is used to record the 
marginal adaptation l 8 9 The levels were 
1 = probe slides without catch or resistance, 
2 = slight catch with probe, 
3 = obvious catch with probe, 
4 = probe sticks in surface and jumps on moving 
In order to evaluate the occlusal stability of the dentition of the patients, the pre­
sence or absence of occlusal contact for each molar and premolar was recorded 
Occlusion foil (Shimstock metal foil, 12 μ thickness, GHM Medizinal, Nürtingen, 
FRG) was inserted between the opposing teeth Only when the foil could not be pul-
led out in habitual occlusion (intercuspal position) a positive contact was scored for 
the respective tooth Gliding of the foil was recorded as no contact 
Occlusal contacts on the EA restoration and the experimental tooth were recorded 
as described in section 4 2 with the occlusdl topographic contact method 
In order to evaluate the possible influence of lateral jaw movement on the occlusal 
stability, the loading of each cusp of the experimental molar during lateral jaw 
movements, was noted This was performed visually or with help of Shimstock metal 
foil and resulted for each cusp in a yes (loading) or no decision 
In order to evaluate the proximal stability of the experimental teeth and the restora-
tion, the presence or absence of contact with its adjacent teeth was scored For this 
goal waxed dental floss Qohnson's Dental Floss, Johnson and Johnson, East Windsor, 
NY, USA) was used 
The following levels could be scored 
0 = no adjacent teeth present, 
1 = contact adequate, dental ûoss encounters solid resistance, 
2 = contact but not adequate, 
3 = no contact but adequate, 
4 = no contact and not adequate 
The score 'not adequate' is a subjective clinical impression if damage or discomfort 
is the result of the proximal contact e g food impaction or periodontal problems 
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In order to permit indirect evaluation of deterioration and wear of the experimental 
teeth and the EA restorations, epoxy resin replicas of these teeth were made. A sili­
cone impression material of low viscosity (Xantopren blue, Bayer Dental, Leverku­
sen, FRG) was used for the negative replica Epoxy resin (Araldite D, Ciba Geigy, 
Arnhem, the Netherlands) gave the positive casting. For each patient both complete 
upper as well as lower replicas were made. The first impression was made at base­
line after the polishing session, the second at the two-year recall 
Another expedient for indirect evaluation of restorations are colour slides. For this 
study at each recall a colour slide of the occlusal surface of the experimental tooth 
was made in a standardised way.216 At baseline also colour slides of the buccal and 
the lingual surface of the experimental tooth were made. 
6.4.9 Data collection 
Several forms were developed to record baseline and evaluation observations both 
on element level (Ε-form) and patient level (P-form)*. 
All forms had an identification number which is based on the date of birth and the 
sex of the patient, combined with tooth number (for the Ε-form) and recall moment 
Form EOI was designed to collect information about the restorative procedure of 
the EA restoration The data were related to the reason for fabrication of the EA res­
toration, the application of pulp protective measures, the retention method applied, 
and the quantity of amalgam that was used in the fabrication of the EA restoration 
Besides, the time needed to complete each restorative phase was recorded (see 
section 7 and 8 for details and analysis). 
Form EOI was completed by the operator (I, II or III) involved at the fabrication ses­
sion (time of measurement = 0). 
Form E02 was used to record data about the subjective functioning of the tooth with 
the EA restoration as experienced by the patient Complaints were recorded and 
possible corrective measures were executed and recorded Moreover, the time 
needed for these corrective measures as well as the time needed for the polishing 
procedures at the fabrication stage were recorded on this form. 
Form E02 was completed by the operator (I, II or III) involved at the polishing ses­
sion (time of measurement = 0) and by operator I at the other recalls (time of measu­
rement = 1,2 and 3). 
Form EOS contains information about the clinical functioning of the tooth and the EA 
restoration. It was noted whether the cusps of the tooth were loaded when lateral 
* The forms used in the data collection in this study will be forwarded upon request made to the 
author 
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jaw movements were performed (section 6.4.8). Occlusal contacts were marked 
according to the occlusal topographic contact method (section 4.2). The PBI for each 
experimental tooth, the marginal integrity of the EA restoration and the proximal 
contacts were scored as described in section 6.4.8. 
Form E03 was completed by the operator (I, II or III) involved at the polishing ses-
sion (time of measurement = 0) and by operator I at the other recalls (time of measu-
rement = 1, 2and3) 
Form £"04 was used whenever 'absolute' or 'relative'failure of the E A restoration and 
experimental tooth occurred. 
The number of months the EA restoration had functioned was recorded, as was the 
failure mode and the nature of the successive treatment (section 9). 
In all cases form E04 was completed by operator I. 
Form POI contains information about the patent's dentition. For each tooth present 
in the premolar-molar region, the degree of restoration was recorded according to 
the following scale: 
0 = intact, no restoration; 
1-5 = one to 5 surfaces restored with amalgam or composite resin restorations; 
6 = restored with a cast restoration, 
7 = absent but replaced with bridge pontic; 
8 = absent but replaced with removable (partial) denture; 
9 = absent and not replaced. 
For each tooth in the upper jaw the presence of an occlusal contact was recorded 
(section 6 4.8). Assessment of the gingival health of the dentition was made accor-
ding to the Papillary Bleeding Index (PBI) (section 6.4 8) 
Form POI was completed by the distinctive operator (I, II or HI) at the polishing ses-
sion (time of measurement = 0) and by operator I at the other recalls (time of measu-
rement = 1, 2 and 3) 
Form P02 is a questionnaire to obtain the opinion of the patient about EA restora-
tions The patient's opinion might provide pertinent additional information. Thus form 
was only used at the two-year recall and was filled in by the patient. 
In order to increase the validity and reliability of the recordings at the two-year 
recall, several observers in addition to operator I participated in the recording of 
some of the subjective clinical criteria (form E02 and E03). These observers were 
all staff-members of the dental school and were basically instructed in the items they 
had to evaluate. After evaluation by the first observer, the patient was observed by 
two others, who did the same type of evaluation independent from each other In 
total 15 observers participated in the two-year recall. The subjective criteria scored 
in triplicate were: the loading of the cusps of the experimental tooth when lateral jaw 
movements were induced; occlusal contacts on the experimental tooth; the marginal 
integrity of the EA restoration and the proximal contacts. 
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6 4 10 Follow-up and measurement design 
Clinical research of therapeutic procedures requires periodical evaluations This 
trial includes several evaluation sessions Until now, data are collected after polis­
hing of the restoration (time of measurement = 0), the six-month recall (time of mea­
surement = 1), the one-year recall (time of measurement = 2) and the two-year 
recall (time of measurement = 3) Further recall is scheduled every two years 
Recall took place in the planned month or, if necessary, within a month earlier or 
later For a minority of the subjects deviations of one month on this scheme had to be 
tolerated In the first two years, regular evaluation is necessary to detect fabrication 
induced failures After this penod, slow deterioration of the restoration will be the 
main problem Intervals shorter than two years are considered to be insufficient for 
the rise of relevant differences between experimental and control treatments due to 
this slow deterioration 
In table 6-5 a schematic representation is given of the study design, the forms, and 
indirect evaluation methods, used at every measurement time 
Table 6-5 The planned time-schedule of the clinical study 
Forms 
Time of measurements EOI E02 EOS POI РОЗ Epoxy Colour Interim 
resin slide analysis2 
replica 
0 (Oyear) 
1 (0 5 year) 
2 (1 year) 
3 (2 years) 
4 (4 years) 
5 (6 years) 
6 (8 years) 
7 (10 years) 
1 Parts of the forms are scored by three evaluators to increase reliability 
2 Interim analyses are discussed in section 6 4 13 
Obtaining patients for long-term clinical studies requires an adequate organisation 
It seems to be essential to secure further dental care for patients included in the 
study in their original recruitment groups Whenever the patient or the dentist 
detected any abnormality at the experimental tooth or the restoration, they were 
requested to inform the main investigator 
* * 
* * 
* * 
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6.4.11 Blindness of the trial 
The comparison of treatment data may be biased if the patient and those responsi-
ble for treatment and evaluation, know which treatment is being used. While rand-
omisation eliminates bias at the start of the clinical trial, the use of appropriate blin-
ding techniques as part of the protocol is essential to minimise the chance of bias of 
the data. The therapy given must ideally be concealed from both the patient and the 
operator/evaluator(doubIe-blinding) 
There are five potential areas in a clinical trial where blinding is requested 
- blinding to the allocation; 
- blinding to patients, 
- blinding to operators; 
- blinding to evaluators concerning the experimental variables; 
- blinding to evaluators concerning the ongoing results of the trial. 
Blindness of the allocation is discussed in section 6.4.6. Blindness of the assignment 
of the patient, tooth and treatment method to the operator might be considered to be 
sufficiently, due to the execution of this assignment by an independent statistician. 
Completely blinding to the patients of the main experimental variable is not possi-
ble. Patients could possibly be aware of the retention method used. This was not 
considered as a real problem, for the experimental treatments were quite similar 
from the patient's point of view. All patients received an almost similar active opera-
tive treatment (no placebo or sham operation). Besides, after completing the inser-
tion of the restoration, no detectable signs as to the retention method used were pre-
sent. 
Given the types of treatment, blinding the operators was not possible. The operator 
had to apply the assigned retention method for the EA restoration and had to be 
aware of this experimental variable. As a matter of fact, this is generally the case in 
operative trials, in contrast to drug trials. A biasing factor could be that the operator, 
who has a negative opinion about a certain retention method, is less careful in 
applying this method and is thus inducing probable failures leading to a self-fulfilling 
prophecy. 
Blinding to evaluators was not performed in all instances. Evaluation results of 
patients, might possibly be biased by the main investigator involved at all evaluation 
periods. He could possibly recollect partial information about operator and reten-
tion type. The evaluation of the fabrication phase by the operator could also bias the 
results for the same reason. In this study only at the two-year recall blinded evalua-
tion for the experimental variables was possible, due to the introduction of two addi-
tional evaluators for the subjective evaluation criteria. Manpower problems were 
responsible for this restrictive blinding regime. 
The last area of possible bias to the evaluators is that the results of earlier examina-
tions are known when later examinations are conducted. Results of the interim ana-
lysis may also have an influence on the results of later evaluations. However, this 
may not be true for the 'blind evaluator'. 
It may be concluded that in restorative dentistry it is not possible to conduct an ideal 
(double-)blind study. 
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6 4 12 Measurement reproducibility 
When the results of a clinical trial are evaluated, it is essential to have information on 
the reproducibility of the scores, indices and methods used In particular informa­
tion on whether the observer scores the same condition in the same way is impor­
tant. The goal is reducing the interobserver variability as much as possible, leading 
to a minimal effect on interferences in treatment and time differences.69 ^ 
It is important to distinguish two types of observer errors.23 Systematic observer 
errors are attributable to factors which tend to recur under similar circumstances. 
They show examiner's preferences for some categories and lead to asymmetrical 
cross tables. Most inconsistencies are non-systematic, and can be referred to as ran­
dom errors These include misapplication and misinterpretation of the criteria, 
observation errors, recording errors and 'mental coin flips', that an observer must 
make on close decisions. It may be assumed that these errors do not work in a cer­
tain direction but show a symmetric distribution and do not introduce bias 
In general, the intraobserver reproducibility will be higher than the interobserver 
reproducibility Intraobserver studies estimate the inconsistency of one observer 
and interobserver studies include the occurrence of interpretation differences. For 
this reason, the mterobserver reproducibility is the most suitable parameter for the 
quality of the measurement method 
The level of mterobserver agreement must be high. This is only possible when the 
intraobserver agreement is high For this reason no intraobserver agreement is 
assessed. Intraobserver agreement is only interesting in the case of low mterobser­
ver agreement, in order to detect the source of this low mterobserver agreement ι e. 
inconcistency (low intraobserver agreement) or mterpretation problems (high intra­
observer agreement). It is generally agreed that consensus between the observers 
should at least be 85%.279"222 Agreement levels less than this tend to discredit the 
validity of the results The best method of achieving high concensus is the ongoing 
calibration of the observers to assure that they remain standardised in their applica­
tion of the criteria.300 
6.4.13 Analysis and data processing 
Trials, which require subsequent follow-up of each patient for several years, accu­
mulate information about the relative merits of the treatments slowly In this trial it is 
realistic to anticipate small treatment differences. These may be reliably monitored, 
using a limited number of well-planned interim analyses. 
Interim analyses of the results are planned after 2, 4, 6 and 8 years (table 6-6) Final 
analysis will be executed after 10 years. The results in this study concern the first 
mterim analysis (section 9). 
The primary reason for monitoring trial data for treatment differences is generally 
the ethical concern to avoid any patient in the trial to receive a treatment found to be 
inferior.255 In a study like this, it is not advisable to stipulate such a 'stopping rule'. 
When, for instance, after 4 years one of the retention methods shows less failures, it 
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is not ethic to replace the other EA restorations that are still functioning satisfactory, 
as this would induce a new trauma Also from the methodolological viewpoint the 
introduction of failures by replacing not-failed restorations is not logical The impor­
tance of such a finding is the provision of a treatment advice for new cases 
Explorative analysis of EA restorations requires further follow-up in the clinical trial, 
despite the disclosure of significant differences at an interim analysis 
One should take care that the overall reliability (alpha) level is not increased by the 
repeated analyses of accumulating data These interim analyses are sometimes cal­
led 'repeated looks' If the statistical test is repeated on increasing data at several 
occasions, and five per cent is taken as the level of significance for each test, then 
the probability of a false-positive result will be 5 per cent after the first test After two 
tests this probability will rise to almost 10 per cent, thus reducing the overall reliabi­
lity level After e g 13 tests these chances will be almost 50 per cent The solution is 
to select a more stringent significance level for each interim analysis, to keep the 
overall significance level at 5 per cent 2 1 3 Taken into account the five (interim) analy­
ses planned in this trial, a significance level of 1 6% (a = 0 016) for the experimental 
variables had to be applied (see Pocock255, table 10 2) 
Another problem in significance testing is the multiple treatment nature of the trial 
It is the purpose of the trial to compare several treatment innovations with the con­
trol treatment (self-threading pins) An overall significance testing is intended to 
detect differences between treatments If such an overall difference exists, separate 
significance tests for each experimental treatment versus the control treatment will 
be conducted In a multiple treatment trial with four experimental treatments, there 
are four possible comparisons with the control treatment This increases the chance 
of getting a false significant difference One simple method which corrects for multi­
ple comparisons is multiplying each p-value by the number of tests being made, lea­
ding to an actual α of 0 016/4 = 0 004 (Bonferrom-procedure) Any treatment that 
remains significantly better than the control treatment after such correction is said to 
be an improvement based on reasonable evidence2 5 S 
Longitudinal studies involve repeated measurements on the same subjects The 
data files associated with longitudinal studies are therefore three dimensional The 
three dimensions are the subjects, the variables and the times of measurement 
The amount of data, collected in such studies, is usually enormous A complicating 
factor may be that subjects are observed on different variables at different times of 
measurements, leading to structural missing data (table 6-5) 
With respect to data storage and documentation, the standard statistical computer 
packages are not directly suited for such clinical follow-up studies In order to 
secure efficient data-processing, the Nijmegen Longitudinal Data Processing Sys­
tem (NYLDAS) was used 3 2 0 
In this system data-processing is conducted in three stages 
Data documenting 
The first step in NYLDAS is the specification of the study 
The documentation file of the data (DOF) must contain as much information as possi-
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ble in order to facilitate a consistent and continuous check and use of the data. The 
DOF also provides documented print-output and gives information on the actual 
state of the data file. 
The document file contains information about. 
- the grouping (teeth or patients) and corresponding subject identifications; 
- the variables per form (E- and P-forms), including labels, the position in the 
records, and the minimum and maximum value; 
- the times of measurement; 
- the design of the study i.e. the intended measurements concerning the allowed 
combinations of forms, groups and times of measurement 
Data entry 
In addition to the document file (DOF) a data file (DAF) is created, containing all 
measurement values. Raw data input records may be added in any order. Each 
input record has to contain a complete identification concerning subject, form and 
time of measurement. Data entry is performed by key to disc procedures Data 
checks on consistency and completeness is carried out by NYLDAS. 
Data analysis 
From inventory lists made by NYLDAS, data of a combination of subjects, variables, 
and times of measurement may be selected for further analysis by the usual statisti-
cal computer packages NYLDAS generates the necessary instructions (SPSSX or 
SAS) to read and document the selected data 
Description of the sample 
After the insertion of the restorations several observations were made. 
The restorative status of the patients is given in figure 6-4. For each tooth number in 
the premolar-molar region (n = 16) the mean number of sound teeth, teeth restored 
with conservative restorations, teeth restored with crowns, replaced absent teeth 
and absent teeth, but not replaced, is given according to the scale as described in 
section 6.4.9 
In the premolar-molar region the average patient had 1 6 intact teeth, 11 6 teeth res-
tored with amalgam or composite resin, 1.3 cast crowns and 1 5 teeth were absent. 
The number of molars and premolars in the upper jaw that had occlusal contact in 
habitual occlusion with the opposing teeth is shown in table 6-6 (tested with Shim-
stock metal foil, section 6.4 8). 
An one-way ANOVA showed a significant difference (p = 0 01) in the number of 
occluding elements according to the recruitment groups. The patients from the 
Dental School appeared to have 18% less occlusal contacts than both other groups 
(section 6.4.3). 
Information about the Papillary Bleeding Index (PBI) (section 6.4.8) of the patients is 
given in table 6-7 
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Figure 6-4 The restorative status of the (pre)molars of the patients of the trial (n 
130) aner fabrication of the EA restorations at tune of measurement = 0 
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Table 6-6 Distribution of the occlusal contacts of the molars and premolars ¡n the 
upper jaw of the patients (n = ISOpatients, 1040 teeth) at the start of the trial 
Tooth number 
17 
16 
15 
14 
24 
25 
26 
27 
Total 
Conta 
107 
109 
97 
102 
99 
92 
114 
118 
838 
80% 
No coniaci Teeth absent 
7 16 
8 13 
22 11 
14 14 
24 7 
24 14 
111 91 
11% 9% 
Table 6-7 Distribution of the mean PBI score and SD of the six index teeth for all 
patients at the start of the study (n = 130) 
Tooth number and location 
16 lingual 
21 buccal 
24 buccal 
36 lingual 
41 buccal 
44 buccal 
Mean patient score 
Mean 
0 76 
031 
0 21 
0 69 
0 31 
031 
0 42 
SD 
0 88 
0 60 
0 53 
0 78 
0 53 
0 59 
0 37 
An ANOVA showed a significant différence m total PBI score for the recruitment 
groups (p = 0 04) The patients of general practitioners had a mean score of 0 56, 
versus 0 37 for the other recruitment groups 
Information about the level of education of the patient sample is depicted in table 6-
8 A two point scale is used (elementary or secondary vs higher or university) The 
chi-square test showed a significant difference in the distribution over the operators 
(p = 0 008) Fifty-nine per cent of the patients appeared to have a higher or univer-
sity education In this respect the patient sample is highly selective and not repre-
sentive for the Dutch population Apparently operator II treated relatively more 
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patients with elementary or secondary school This aspect had to be involved in the 
interpretation of possible surfacing durability and clinical performance differences 
between operators in time 
ТаЫе 6-8 Distribution of the level of education and of the recruitment group accor­
ding to operators (I, ¡I and III), and the result of the chi square tests (p) 
Patient variable 
Level of education 
elementary/secondary 
higher/university 
Recruitment group 
1 
2 
3 
1 
17 
27 
18 
13 
13 
Operator 
II 
25 
18 
19 
16 
8 
III 
11 
32 
IS 
15 
13 
Total 
53 
77 
52 
44 
34 
Ρ 
0 008 
0 07 
With regard to the recruitment group, 52 patients (40%) were regular patients of the 
Dental School where treatment is provided by dental students Forty-four patients 
(34%) came from the Clinical Research Centre where their treatment is performed 
by staff members of the Dental School The remaining 34 patients (26%) were sub­
mitted by general practitioners 
Discussion and summary 
The randomised controlled clinical trial has become the standard experimental 
design for evaluation of clinical therapies The balance procedure of assigning sub­
jects to the different treatments was a successful method for ensuring comparability 
between treatments This implies that the conclusions of the study are based on an 
independent treatment allocation rather than on subjective clinical opinions The 
validity (internal and external) of a clinical trial depends on several aspects of the 
study design, including the method of randomisation, the criteria for subject selec­
tion, the description of the treatment protocol (blindness and evaluation methods), 
and the use of appropriate statistical analyses 
In literature many systems have been developed for clinical trials Especially for 
drug trials, systems have been advocated that guarantee a high internal validity For 
operative trials, some problems remain, affecting the internal validity These pro­
blems are related to blindness of operators and evaluators, evaluation of protocol 
deviations, and especially in dental trials, the long duration of the trial to detect sig­
nificant differences, resulting in a higher risk of patient drop-out 
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The external validity of the trial, and thus the relevance for the practitioner, is 
influenced by the selection entena for patients, the treatment protocol applied, and 
the representativeness of the operators. 
Therefore it is advisable to construct the trial in such a way that general practitioners 
recognize their daily problems in the trial procedures In order to increase the 
external validity, participation of some independent general practitioners, both in 
the set-up of the treatment protocol and as operators could be a suggestion How-
ever, the participation of more than one centre in the trial (multi-center or multi-
practice clinical trial) would be even better. This would provide a broader range of 
operator characteristics. 
The main problem with regard to validity in this study is the incomplete blindness 
towards the operators. However, this biasing factor has to be taken for granted, as 
complete blinding is impossible in operative trials. The considered retention techni-
ques are not so controversial that real malversations may be expected. 
An important factor that affects the validity of the trial are deviations of the treatment 
protocol which are not intercepted in time (section 7). Regular check-up of the data 
is necessary to prevent this 
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Technique and background of the 
operative procedures* 
'Mixed with saliva, amalgam literally rises up m contempt, mixed with a little 
care, understanding and creativity, amalgam can emerge brilliantly' 
ShaveU, 1986 
Introduction 
The operative procedures for fabricating the EA restorations were earned out on 
the basis of a written protocol and filed in separate records This protocol is based 
on the procedures as described in recent literature and on the concensus between 
the three operators293110"53 
The reasons for fabricating the EA restorations are listed in table 7-1 
Table 7-1 Survey of the reasons for fabricating EA restorations (n = 300) * 
Preventive measure, such as prevention of tooth fracture, 
replacement of old defective restorations or removal of marginal overhang 66% 
Caries 39% 
Occlusal reconstruction 26% 
Unacceptable marginal breakdown 20% 
Reconstruction of endodontically treated molar 14% 
Cusp fracture of remaining tooth structure 10% 
Bulk fracture of restoration 8% 
Proximal reconstruction 4% 
* Several reasons could be scored simultaneously 
In 95 per cent of the cases the EA restoration replaced an old amalgam restoration 
In 5 per cent of the cases other types of (temporary) restorations were replaced 
In 66 per cent of the cases the EA restoration was fabricated as a replacement of 
older worn-out or defective restorations that had to be removed for preventive rea-
sons In replacement surveys, about 50 per cent of the new restorations are replace-
ments that were mainly due to recurrent caries 17165 
* See for illustrated details the treatment manual in the back of the book (page 175) 
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Preliminary measures 
The molars with an indication for an EA restoration had to meet the following requi-
rements before fabrication started 
- no debris or tartar present on the tooth, 
- neighbouring and opposing teeth should be sound or adequately restored, so 
that in the near future no new restorations would be necessary, 
- the occlusal relationship should be acceptable Occlusal stability and the 
absence of both occlusal interferences and premature contacts were a prerequi-
site, 
- if necessary, corrective measures were undertaken For instance, sharp and 
wedging cusps of opposing teeth were reduced, and 
- a recently made periapical radiograph of the experimental molars might not 
expose contra-indications 
Basic cavity preparation 
In this phase all previous restorations, liners and bases were removed Only m 
selected cases a small buccal or palatal Class V pit restoration remamed in situ if the 
cusps had a sufficient bulk of dentin Caries was removed until the dentmo-enamel 
junction showed no discoloration and the pulpal dentin was hard3l9 Only infected 
layers of carious dentin need to be removed They could be displayed by staining 
the dentin with basic fuchsin "8 Routinely, the vitality of the teeth was recognised by 
checking of dentin sensitivity in conjunction with the preparation procedure If a 
molar had been endodontically treated, the pulp chamber and the root canal entran-
ces were cleaned 
General requirements for the basic cavity preparation were 
- the preparation should enclose the whole area that was affected by caries, 
- all connected fissures should be included in the preparation, 
- internal preparation angles should be rounded, 
- a cavo-surface angle (CSA) of 90° was considered essential to provide strength 
to both enamel and amalgam 
However, the occlusal CSA should be perpendicular to the geometric plane 
which was defined by the cusp tops If in these cases a CSA of 90° was prepared, 
the cusps would become undermined, and 
- the CSA should be smooth and should have no contact with the neighbouring 
tooth 
Specific requirements to prevent failures were 
- cusps that were undermined or not supported by dentin should be reduced 
occlusally At least 2-3 mm of occlusal reduction was required to provide suffi 
cient bulk for the amalgam in the restoration A guideline for occlusal reduction 
and protection with amalgam is that the height of the cusp should equal the width 
of the basis of the cusp (see figure 1-4), 
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- one aspect of failure of amalgam at occlusal margins was related to the place­
ment of the margin in areas that received stress from the opposing teeth28 The 
preparation on the occlusal surface should avoid these centric stop areas for 
margin placement30, and 
- to secure the cuspal protection with amalgam, an external shoulder, 1 5 mm wide 
and 1 mm deep, was applied if sufficient cusp bulk is available 
Pulp protection 
Much has been written about the merits of placing bases under amalgam restora­
tions. The prevention of postoperative sensitivity is considered the major justifica­
tion for this2 7 1 The use of a base is especially recommended in areas that are in 
close proximity to the pulp It is thought to protect the pulp from thermal stimuli, and, 
depending on its chemical composition, it may stimulate the formation of secondary 
dentin Unfortunately, the base can also adversely affect the strength, retention, and 
resistance of an amalgam restoration.no 2 7 1 2 6 2 m 
Postoperative sensitivity following placement of amalgam restorations is often expe­
rienced by patients Sensitivity to cold was the most frequent type of discomfort 
within the first 24 hours after treatment ^ 7 This postoperative sensitivity normally 
continues for periods up to several weeks and may disappear gradually18b Spie­
lings et al 3 0 6 suggested that this may be related to the size of the restoration 
Pipemo et al2 Ь 2 found that teeth that had never been restored, were more sensitive 
after restoration than teeth that had been restored previously They also found that 
bases under amalgam restorations did not affect thermal sensitivity of teeth of 
patients This study indicated that the thermal conductivity of amalgam may not be 
directly related to the thermal sensitivity of patients, except for the immediate post­
operative thermal sensitivity of teeth with deep primary carious lesions Although a 
disadvantage of these experiments was that they rely upon subjectivity, they 
supported the opinion of Brannstrom38 ^ and Cox et al / ь that microleakage followed 
by bacterial infection rather than poor isolation might be the cause of discomfort by 
thermal stimuli 
These arguments, and the fact that in our patient sample almost all experimental res­
torations were replacements of older restorations, were the reasons that in our pro­
tocol no strict yes/no regimen was included with regard to placement of bases 
Bases should only be used if clearly indicated and then apphcated in a thin layer 
with a maximum thickness of 0 5 mm Covering the entire pulpal floor should be 
avoided Sound dentin surrounding the base should be left so that the amalgam res­
toration is supported by dentin as much as possible271 As calciumhydroxide base 
was selected Life (Kerr, Romulus, Michigan, USA). Table 7-2 gives the number of 
teeth with and without a base for each operator. 
A Chi-square test showed a significant difference between the operators in the 
application of a base (p < 0.0001) Operator II applied a base in 89 per cent of the 
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Table 7-2 Distribution of base application over the operators for the vital molars 
(n = 259) 
No base 
Base 
Total 
I 
60 
25 
85 
Operator 
II 
10 
78 
88 
III 
42 
44 
86 
Total 
112 
147 
259 
cases, while operator I applied a base in only 30 per cent of the cases Apparently, 
individual opinions regarding the indication for application of a base varied widely 
With regard to marginal leakage it was reported that spherical amalgam alloys show 
greater tendency for marginal leakage than lathe-cut or admixture type alloysZ04ni 
112 185 25 
Several manipulative factors are considered important in reducing marginal lea-
kage and thus reducing the incidence of postoperative sensitivity204 (1) increased 
plasticity of the amalgam mix, (2) increased condensation force, (3) condensation of 
each increment directly along or against cavity walls in overlapping thrusts and (4) 
burnishing the amalgam after condensation 
In addition to these manipulative procedures, the application of a copal resin varnish 
to the surfaces of the cavity is widely considered an important clinical procedure in 
minimising microleakage ^2 However, an important disadvantage of the application 
of a varnish is that, in contact with a previously applied base, it could produce a sub-
stance which promotes microleakage l77 296 M 
Although most of the studies, claiming reduced marginal leakage, were conducted 
in vitro, they still produce conflicting results229 '3I ^ ^35 From the results of an in vivo 
study it was apparent that the effectiveness of a varnish is dependent on the alloy 
with which it is used ^4 There might also be a relation between the application of a 
cavity varnish and increased marginal breakdown of the restorations36 For these 
reasons the protocol followed the advice of several investigations to apply no var-
nish in combination with an admixture type of amalgam as was used in this trialzw 25 
Application of the retention method 
After the cavity preparation was ûnished, the application of auxiliary retention on 
sites where cusps or parts of cusps were missing was necessary The retention 
method that the operator should utilise was assigned according to the method des-
cribed in section 6 4 6 
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General application rules for auxiliary retention on vital teeth were 
- only auxiliary retention application where cusps or parts of cusps are missing, 
- one amalgam pin, amalgam slot or self-threading pin for each missing cusp or 
part of it Also application of a circumferential slot groove only on these sites The 
maximum number of solitary retention holes or pins per tooth was agreed upon 
five The best location for the application of the auxiliary retention method is 
depicted in figure 1-3, 
- the distance to the dentino-enamel junction should be about 1 25 mm, and 
- self-threading pins and amalgam pins were applied parallel to the external sur-
face of the tooth and, if possible, at an angle with each other 
7 5 1 Self-threading pins 
For this indirect retention method TMS Link-Plus Titanium pins (Whaledent, New 
York, NY, USA) were used ^3 They were inserted as recommended by the manu-
facturer With a reduction gear handpiece pin channels were cut 2 4 mm deep New 
twist drills were used after preparation of 20 pin channels Single shear pins were 
inserted by use of the reduction handpiece The protruding pin was reduced to a 
length of 2 mm in order to warrant at least 2 mm of amalgam coverage of the pin 
Pulpal penetrations and periodontal perforations were not detected although it is 
feasible to assume that in some cases pulpal and periodontal trauma occurred In a 
study on complications of pm placement, such complications were encountered in 
less than 3 per cent of the cases ^2 If pulpal or periodontal induced failures occured 
in time, these have to be included in the evaluation 
Table 7-3 gives the number of the self-threading pins applied, and their distribution 
over the restorations and the operators 
Table 7-3 Distribution of the self-threading pins according to restoration (n = 67) 
and operator (I, II and III) 
Number of self-threading 
pins per EA restoration 
1 
2 
3 
4 
S 
I 
6 
11 
3 
1 
_ 
Operator 
II 
_ 
5 
2 
7 
8 
III 
9 
11 
3 
1 
_ 
Total 
15 
27 
8 
9 
8 
Total 21 22 24 67 
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The one-way ANOVA showed a significant difference (p < 0 0001) m the mean num­
ber of self-threading pins applied between the operators The mean number of ope­
rator I was 1 95, of operator II3 81 and of operator III 1 83 The overall mean was 2 52 
self-threading pins per EA restoration This implied that operator II applied twice 
the number of self-threading pins as the other two operators It may be assumed that 
this is not in accordance with the treatment protocol and thus not due to more exten­
sive preparations for operator II (section 7 10) 
7 5 2 Amalgam pins 
Amalgam pins were prepared with a round nosed bur (# 1157 SS White Dental 
Mfg Co, Kingston upon Thames, UK) Amalgam pinholes were made 2 mm deep 
The margins were bevelled with a round bur 
Table 7-4 gives the number of the amalgam pins applied, and their distribution over 
the restorations and operators 
Table 7-4 Distribution of the amalgam pins according to restoration (n = 67) and 
operator (Ι, Π and III) 
Number of amalgam 
pins per EA restoration 
1 
2 
3 
4 
5 
6 
7 
I 
-
2 
5 
9 
6 
-
Operator 
II 
-
1 
5 
4 
8 
5 
III 
1 
1 
5 
θ 
3 
3 
1 
Total 
1 
4 
15 
21 
17 
8 
1 
Total 22 23 22 67 
The one-way ANOVA showed no significant difference between operators with 
regard to the mean number of amalgam pins applied (p = 0 2) 
The overall mean number of amalgam pins was 4 15 p e r EA restoration For each 
operator the mean number was 3 86 (1), 4 48 (II) and 4 09 (III), respectively 
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Solitary amalgam slots 
Solitary amalgam slots were prepared with an inverted cone diamond stone (010/ 
010 Horico, W-Berlin, FRG) Slot depth was equal to the filli depth of the stone head 
(1 3 mm) The diameter of the stone was 0 95 mm The slot margins were bevelled 
with a round bur 
Table 7-5 gives the number of the solitary slots applied, and their distribution over 
the restorations and operators 
Table 7-5 Distribution of the solitary amalgam slots according to restoration 
(n = 63) and operator (I, Hand III) 
Number of solitary amalgam 
slots per EA restoration 
1 
2 
3 
4 
5 
6 
7 
8 
I 
1 
3 
6 
7 
2 
-
-
_ 
Operator 
II 
-
-
3 
4 
7 
6 
3 
1 
III 
-
1 
5 
6 
4 
2 
1 
1 
Total 
1 
4 
14 
17 
13 
8 
4 
2 
Total 19 24 20 63 
The one-way ANOVA revealed a significant difference between the operators with 
regard to the mean number of solitary amalgam slots applied (p = 0 0001) The 
mean number of slots was 4 38 per EA restoration For operator I the mean number 
was 3 32, for operator II5 21 and for operator III 4 40 As was the case with self-threa-
ding pins, for solitary amalgam slots, operator II again significantly deviated from the 
other operators with regard to the number of slots applied 
Amalgam slot groove 
Amalgam slot grooves were cut continuously within the circumference of the tooth at 
locations where cusps or parts of cusps were missing (figure 7-1) A groove 1 3 mm 
deep was prepared with an inverted-cone diamond stone (Horico 010/010) The 
margin was bevelled with a round bur 
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Figure 7-1 Stylized diagram of a preparation of a molar with as retentive features 
two slot grooves 
Table 7-6 gives the extension in mm and the distribution of the amalgam slot groove 
over the restorations and operators 
Table 7-6 The extension in mm and the distribution of the amalgam slot groove 
according to the restoration (n = 62) and operator (I, II and III) 
Amalgam slot groove 
per EA restoration 
4 - 6 
7 - 9 
10 - 12 
13 IS 
Total 
in mm 
1 
13 
8 
1 
1 
23 
Operator 
II 
5 
11 
3 
-
19 
III 
3 
9 
5 
3 
20 
Total 
21 
28 
9 
4 
62 
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An one-way ANOVA showed a significant difference between the operators with 
regard to the mean extension in mm of the amalgam slot groove (p = 0 003) 
The average extension was 7 9 mm per EA restoration The average extension for 
operator I was 6 7, for operator II8 0 and for operator III 9 3 In this case operator III 
deviated most from the average extension 
7 5 5 Dowels for endodontically treated molars 
In order to create resistance for the amalgam restoration on non-vital, endodonti-
cally treated molars, a prefabricated tapered and serrated dowel (Ummetric Tita-
nium, Les fils d'Auguste Maillefer, Baillagues, Switzerland) was used 
The dowel was applied in the largest root available, generally, the distal root canal 
for lower molars and the palatal root for upper molars A second dowel was placed 
in a second root canal whenever the operator considered this necessary The root 
canal preparation and try-in of the dowels was performed according to the manufac-
turer's instructions Zinc phosphate cement and the lentula spiral technique were 
used to cement the dowels into the root canal The excess of cement was removed 
The dowels in situ allowed for 2 mm of occlusal amalgam at least If necessary, the 
head of the dowel was reduced 
Table 7-7 gives the number of the dowels applied, and their distribution over the 
restorations and operators 
Table 7-7 Distribution of the dowels according to restoration (n = 41) and operator 
(I, II and III) 
Operator Total 
Number of 
dowels per EA restoration , „
 TIT 
1 15 9 13 37 
2 3 1 4 
Total 15 12 14 41 
The one-way ANOVA showed no significant difference between operators with 
regard to the number of dowels applied (p = 0 09) 
The mean was 1 10 dowel per E A restoration The average for operator I was 1 00, 
for operator II1 25 and for operator III 1 08 
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Matrix application 
The operating field was kept dry with cotton rolls combined with a saliva suction 
ejector. A tongue retractor was always used in the lower jaw, and sometimes when 
teeth in the upper jaw were treated. Rubber dam was not used because sufficient 
dryness in the supragingival area could be achieved by the use of cotton rolls 3[Z-l0a 
The matrix (Matncodent, Union Broach Co. Ine , New York, NY, USA) was positio-
ned in such a way so as to seal the cervical cavo-surface margins. Occlusally it 
extended far enough to be slightly higher than the estimated cusp height After pro-
per placement of the matrix and the wooden wedges (Hawe-neos Dental, Gentilmo, 
Switzerland), the band was contoured with an appropriate burnisher to establish 
definite contact with adjacent teeth and to allow development of physiologic axial 
contours. Good stabilisation of the matrix is important to prevent fracture of the amal-
gam during carving or matrix removal.215 It might be necessary to use an impression 
compound to achieve this. Matrix appliances such as a Tofflemire (Produits Dentai-
res S A, Vevey, Switzerland) have a limited value in large amalgam restorations. 
The handle of the device, holding the matrix together, will not allow the full band 
well below the free gingival margin which is necessary for a good adaptation to the 
cavo-surface angle. An additional sealer piece of matrix and wooden wedges are 
necessary to obviate the void created where the matrix enters the TofQemire ('The 
Amalgam Bermuda Triangle'290). 
In this investigation, in 98% of the cases a circumferential individualised matrix was 
used In the other instances, a copper band or a Tofflemire retainer was used. 
Condensation 
The dental amalgam used in this study was Cavex non gamma-two (Cavex Holland 
b.v., Haarlem, the Netherlands). This high-copper amalgam has proven clinical qua-
lities188 189, as well as a linear and thus for the practitioner a well predictable harde-
ning character (figure 1-1). This makes this amalgam suitable for usage in EA resto-
rations. Press-cap capsules were used in two sizes. After trituration, capsule I con-
tains 0.825 gram of amalgam and capsule II 1 32 gram The trituration time per cap-
sule is 7 seconds in a Silamat amalgamator (Vivadent, Schaan, Liechtenstein). All 
amalgam was from the same batch (batchnumber 8310129). 
Placement and condensation of amalgam should start with small increments in the 
areas surrounding the auxiliary retention pins, holes or slots, gradually proceeding 
to the cervical cavo-surface margins. No special care was taken to condense the 
amalgam into the dentin slots individually. By virtue of the vibrating action of the 
condenser each slot will be effectively condensed. A rapid and thorough condensa-
tion is necessary to prevent the forming of voids, especially in acute angles along-
side the matrix. Multiple spills can be condensed due to the extensive area of the 
cavity. 
Condensation was performed mechanically with a Bergendahl vibrator (KAVO, 
Biberach, FRG) using various condenser points. The diameters vaned from 0 5 to 3 
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mm During the final stage of condensation, the amalgam was burnished to the cavity 
margins with larger, round or pear shaped points If necessary, also hand condensa-
tion was performed Mechanical amalgam condensers give higher compressive 
strength values and take up less tune and energy than condensation by hand Letzel 
et al193 suggested that clinically the result of the condensation depends more on the 
operator rather than the instrument Condensation pressure should be as high as is 
practicable Inadequate condensation of the amalgam against the cavity wall and 
matrix seemed to be the main reason for the appearance of voids at the interface of 
tooth and restoration and at the surface of the restoration221 
A sufficient quantity of amalgam should be condensed to ensure that the matrix was 
completely filled to a level slightly higher than the restored cusp tops were estima-
ted to be This was very important since centric supporting cusps that should be res-
tored in occlusion are involved 
For the fabrication of the 300 EA restorations in this study, 123 capsules no I and 1137 
capsules no II were used In total 1602 gram of triturated amalgam was used for 300 
EA restorations, which is an average of 5 3 gram of amalgam per E A restoration 
Carving 
Sculpting or carving the amalgam for an EA restoration takes time For this reason, a 
predictive linear setting amalgam should be used '^ 6 
After initial hardening of the amalgam, carving of the EA restoration was started 
The occlusal embrasures and the occlusal lateral portion of the amalgam cusps 
should be carved away from the matrix with an explorer, prior to band removal The 
band was split and wedges were removed The buccal and lingual surfaces of the 
restoration were developed first Then the occlusal form was developed, first by 
carving occlusal planes and then by carving the occlusal grooves Supporting cusps 
of opposing teeth should fit into occlusal fossae or on marginal ridges The axial con-
tours are finished, having natural appearance An interproximal trimmer could be 
used in order to finish the margins and develop the contour and contact of the inter-
proximal surfaces The pit and fissure pattern cannot be reproduced in amalgam to 
the depth of the natural tooth Rather, the pattern must be kept shallow For the car-
ving and initial finishing of the amalgam restorations the Komet SAPIN system could 
be used (Gebr Brasseler GmbH, Lemgo, FRG) 
After the carving was completed, the occlusion was checked with occlusion foil and 
corrections were performed For early polishing, the set amalgam was surfaced 
with a wet mix of polishing paste (Nupro fine, Johnson and Johnson, East Windsor, 
NY, USA) which was applied with a soft webless rubber cup If this is done with light 
intermittent strokes, the restoration will maintain the established contour and will 
present a smooth, dull surface that can be polished more quickly at an eventual sub-
sequent session 290 The faster and more predictable setting times, and earlier deve-
lopment of high compressive strength of the high-copper amalgams, enable this 
early polishing more than do traditional alloys 
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7.9 Adjustment and polishing 
Adjustment of occlusion and finishing of the EA restoration was performed 1 or 2 
weeks after fabrication. 
Attention was then paid to. 
- complaints of the patients; 
- occlusion: premature contacts and interferences were eliminated; 
- proximal contacts; 
- marginal integrity. 
After adjustment of the restoration, final polishing procedures were initiated. A high 
lustre was not considered necessary The occlusal centric stop contacts must not be 
removed. Multi-fluted barrel burs were used with water spray combined with the 
rubber tips of the Shofu polishing system (Shofu Dental Corp, Menlo Park, California, 
USA). 
7.10 Extension of the restoration 
The extension of the fabricated restoration was recorded, depending on the number 
of cusps reconstructed in amalgam. The minimum was 1 cusp and the maximum 4 
cusps 
The distribution of the number of reconstructed cusps according to the operator is 
given in table 7-8. 
Table 7-8 The distribution of the EA restorations according to the number of 
reconstructed cusps and the operator (I, II and III). 
Number of cusps 
reconstructed 
1 
2 
3 
4 
100 100 100 300 
An one way ANOVA was conducted to test differences between the operators. A 
significant difference (p = 0 003) was present, operator I had an average of 2.64 
cusps reconstructed, operator II an average of 2 12 and operator III 2.64 cusps The 
average of cusps reconstructed with amalgam was 2.47. 
An explanation for this difference between the operators could be that, although a 
Operator 
I II 
15 29 
32 40 
27 21 
26 10 
Total 
III 
20 64 
26 98 
24 72 
30 66 
Total 
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written concensus protocol was present, indicating when a cusp should be recon-
structed, individual differences were present between the operators with regard to 
the effective clinical application of this protocol This must be taken into considera-
tion m future analyses of the behaviour of these restorations 
7.11 Discussion 
Although there was a protocol and some training sessions for the operators, analysis 
of the actual treatment procedures showed some interesting differences between 
operators Generally, operator effect is a very important clinical parameter in clini-
cal trials 
Significant deviations from the average and differences between operators are not 
completely attributable to differences in experimental teeth or patients (section 6) 
For example, operator I reconstructed an average of 2 6 cusps per EA restoration 
with an average of 1 9 self-threading pins, 3 8 amalgam pins, 3 3 amalgam slots and a 
slot groove of 6 7 mm Operator II, on the other hand, reconstructed an avarage of 2 1 
cusps per EA restoration with an average of 3 8 self-threading pins, 4 5 amalgam 
pins, 5 2 amalgam slots and a slot groove of 8 0 mm as retentive feature It may be 
concluded that operator II applied twice as much retentive features per cusp as 
operator I did 
Another problem was the skew distribution of retentive features over the E A resto-
rations For example, there were 15 EA restorations with 1 self-threading pin while 
there was only 1 EA restoration with 1 amalgam pin and 1 with 1 amalgam slot The 
reversal of this effect occurred at 3 or 4 retentive features per EA restoration There 
were 9 EA restorations with 4 self-threading pins versus 17 with 4 amalgam slots and 
21 with 4 amalgam pins 
In order to prevent these deviations from the protocol, a better monitoring of treat-
ments during the trial is necessary so that corrective measures can be taken in time 
Another suggestion is to have an independent operator, verifying the preparation 
and the retentive features in order to maintain uniformity 
Whether these deviations from the protocol have any influence on the results of the 
treatment with EA restorations, must be taken into account if significant differences 
surface 
7.12 Summary 
The rationale and techniques used in this clinical trial in order to achieve resistance 
in tooth structure for EA restorations have been described Operative procedures in 
fabricating these restorations have been outlined It is assumed that if the concepts 
described above are followed during the pre-restorative, restorative and finishing 
procedures, the patient will receive an EA restoration that will function properly 
Finally, the problem of violations of the protocol was discussed 
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Treatment time analysis 
Better alloys do not compensate for sloppy operating' 
Hamilton, 1984 
Introduction 
The success of a restorahve treatment does not only depend on the durability of the 
restoration Decisions with regard to dental treatment alternatives are influenced by 
several factors. A complete survey is only possible when costs can be balanced 
against benefits. Especially when several dental treatment options are competing, 
the calculation of the costs is important in dental health care in order to obtain an 
economic acceptable solution?'54 ^ 37 
The benefits are mainly determined by the durability of this type of restorations, 
which is not yet exactly known The durability of EA restorations is subject of the lon-
gitudinal clinical trial at the Dental School in Nijmegen, in which several auxiliary 
retention methods are used In this study also the treatment times for fabricating EA 
restorations were recorded 
The costs of EA restorations depend to a large extent on the dentist's fee, which is 
based primarily on the time needed to accomplish the necessary clinical procedu-
res Shavell290 claimed that an EA restoration replacing the entire coronal portion 
usually requires 1 5 hours from start lo finish The materials used in these restora-
tions have only a minor influence on the total costs '^ 3 
Studies on times needed to apply amalgam restorations, posterior composite resin 
restorations and adhesive bridges indicate that different factors may have an 
influence on the treatment time, such as the tooth type, the operator and the exten-
sion of the restoration2143 9179 
It was the aim of this part of the study to determine treatment times for EA restora-
tions and to trace factors influencing those times. 
Materials and methods 
In this clinical trial in total 300 EA restorations were made by three dentists, using 
different retention methods as described in section 7 The assignment to tooth type 
and retention method was balanced among the operators (see section 6 4 6) 
In order to avoid problems of interaction, only EA restorations with both proximal 
surfaces restored with amalgam were used for the treatment time analysis2 The 
group in which only one proximal surface was reconstructed takes up definitely less 
time to complete the treatment Due to this restriction 269 EA restorations were cho-
sen for analysis 
The clinical procedures were carried out with the help of a dental assistant, follo-
wing the steps of a written protocol (section 7) Two sessions were used to complete 
the clinical procedures 
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The treatment phases and steps of the clinical procedures which could be distin-
guished are presented in table 8-1 
For each treatment phase the time required to complete the phase was registered 
The time measured was rounded off to the nearest minute, the mean times to tenths 
of minutes Extra time for the trial-protocol was not taken into account 
A number of factors were considered to be of major importance to the treatment 
time These factors were Operator*, and some EA restoration related factors as 're-
tention design', 'extension of the EA restoration', the 'tooth type', the 'side' and 'jaw' 
location of the EA restoration Other factors were considered to have only minor 
influence 
Tabic 8-1 The treatment phases and steps of the fabrication procedure of an EA 
restoration 
Phase 
Preparation 
Retention 
Matrix 
Condensation 
Carving 
Polishing 
Steps 
Elimination of occlusal interferences 
Elimination of old restorations, cement bases and caries 
Standard preparation with reduction of weakened 
and unsupported cusps 
A CSA of 90° 
For vilal teeth four retention methods were available 
self-threading pins, amalgam pins and solitary amalgam slots or a 
circumferential amalgam slot groove For endodontically treated molars 
only one retention method was used, in which a titanium dowel 
was cemented with zinc phosphate cement in the largest root 
Isolation of the molar with cotton rolls and saliva suction ejector 
Application of a metal matrix and wooden wedges 
'frituration of the amalgam 
Application and condensation of the amalgam 
Removal of excess amalgam 
Carving of the occlusal surface 
Adapting the contour of the amalgam to the molar 
Removal of matrix and wooden wedges 
Occlusal adjustment if required 
Polishing the EA restoration with carbide burs and rubber points system 
This was performed 1 or 2 weeks after the first session 
According to the design of the trial, the factors 'operator', 'retention design', 'tooth 
type', 'side location' and 'jaw location' were randomly assigned experimental varia-
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bles The factor 'extension of the EA restoration' was an associated experimental 
variable related to 'retention design' The levels of the considered factors were as 
given in table 8-2 
Table 8-2 Codes and description of considered factors with potential influence on 
treatment time (total η = 269) 
Factor 
Operator 
Retention design 
Extension of EA 
restoration 
Side location 
Jaw location 
Tooth type 
Code 
I 
II 
III 
Ρ 
s 
D 
1 
2 
3 
4 
L 
R 
Man 
Max 
6 
7 
Description 
see section 6 4 4 
Self-threading pins 
Amalgam pins, amalgam slots or circumferential 
amalgam slot 
Cemented dowel 
One cusp of molar reconstructed 
Two cusps of molar reconstructed 
Three cusps of molar reconstructed 
Four cusps of molar reconstructed 
Left side 
Right side 
Mandible 
Maxilla 
First molars 
Second molars 
η 
91 
90 
88 
60 
170 
39 
53 
82 
70 
64 
121 
148 
160 
109 
170 
99 
An ANOVA was used to analyse the results For a proper use of the ANOVA a 
(roughly) normal distribution of the treatment time was required Due to the skew-
distribution of the treatment times a logarithmic transformation was necessary to 
satisfy this condition32b This had the following consequences 
1 Direct interpretation of the mean values calculated after logarithmic transforma­
tion is not possible Retransformation (antilog) resulted in the geometric mean 
This is an estimate of the median of the distribution For convenience the geome­
tric means are presented as (an estimation of) the median In this case the geome­
tric mean may be used as an estimate of the median for reason that after logarith­
mic transformation the treatment times are symmetrically distributed Their 
skewness is almost zero 
2 Differences of treatment time after log-transformation can be interpreted as rela­
tive differences between treatment times The residual standard deviation in the 
ANOVA's can be interpreted as the residual coefficient of variation (%), ι e the 
percentage of the median treatment time, which is due to random fluctuations 
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3 In order to evaluate the factors which influence the treatment time, the median 
treatment times are presented as references The symmetrical 95% intervals of 
the log-transformed treatment time are retransformed into asymmetrical 95% 
intervals by means of antilog The arithmetic means of the treatment time are also 
presented because of their relevance in the dental practice situation The per-
centage explained variance is presented to give an impression of the combined 
influence of factors 
Results 
Mean treatment time, median treatment time and 95% intervals of each treatment 
phase and of the total procedure are presented in table 8-3 Also the skewness 
before and after log-transformation is presented 
Table 8-3 Mean treatment time, median treatment time and 95% intervals and 
skewness before and after log-transformation for each treatment phase and total 
treatment phase m minutes (n = 269) 
Treatment phase 
Preparation 
Retention 
Matrix 
Condensing 
Carving 
Polishing 
Mean 
10 0 
46 
43 
62 
216 
10 2 
P2 5 
54 
09 
12 
32 
87 
56 
Median 
P5 0 
96 
35 
37 
59 
198 
98 
P97S 
17 3 
14 3 
110 
10 8 
45 3 
17 1 
Skewness 
Before 
136 
2 15 
261 
0 83 
146 
0 70 
After 
0 04 
0 57 
-0 04 
0 19 
0 24 
004 
Total 60 3 35 5 58 4 96 2 0 73 -0 10 
The factor 'tooth type' did not have a significant influence on any of the distinctive 
treatment phases The factors that did have a significant effect in one or more treat-
ment phases are presented in table 8-4 
The percentage differences of the median treatment times between the factor 
levels, and also the level of significance for each factor in total on the basis of a multi-
ple classification analysis (< 0 05) in all treatment phases, are depicted A very sig-
nificant 'operator' effect was present (p < 0 001) 
The 'side location' of the EA restoration had a significant effect on the 'preparation' 
and 'polishing' phase as well as on the total treatment time In all treatment phases 
the left side had shorter treatment times 
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Table 8-4 Percentage effects of different levels of considered factors with respect 
to a pre-chosen level (zero columns) for treatment tunes m distinctive treatment 
phases and corresponding significance levels of ANOVA (all effects m percentage 
of median operating time) 
Treatment 
phase 
Preparation 
Ρ 
Retention 
Ρ 
Matrix 
Ρ 
Condensing 
Ρ 
Carving 
Ρ 
Polishing 
Ρ 
Total* # 
Ρ 
О] 
I 
0 
0 
0 
0 
0 
0 
0 
perat 
II 
7 
*** 
37 
*** 
39 
*** 
30 
*** 
37 
*** 
-3 
*** 
19 
*** 
or 
III 
20 
26 
53 
40 
45 
28 
26 
Side 
R L 
0 8 
* 
0 0 
0 0 
0 6 
(*) 
0 0 
0 9 
** 
0 s 
* 
Factor 
Jaw 
Man Max 
0 
0 
0 
0 
** 
0 
0 
0 
-2 
2 
6 
10 
5 
0 
2 
Molar 
6 7 
0 
0 
0 
0 
0 
0 
0 
0 
5 
-2 
0 
-1 
3 
0 
Retention 
S P D 
0 -6 
0 36 
*** 
0 6 
0 4 
0 3 
0 3 
0 5 
** 
1 
137* 
10 
7 
2 
-5 
13 
Extension 
per cusp 
29 
115 
** 
12 4 
** 
50 
* 
70 
* 
07 
49 
* A 
p = significance level of ANOVA (*) = 0 05 < ρ < 0 10, * = 0 OK ρ s 0 05, 
** = 0001<ρ<001,*** = ρ<0001 
-# These high percentages are not well interpretable, more details are given in the text 
# # Due to interactions the total treatment time is specified in table 8-5 
The factor 'jaw location' had only a significant effect on the 'condensing' phase (p = 
0 002), being about 10% faster in the mandible 
As expected, the factor 'retention design' has a highly significant influence on the 
'retention' phase (p < 0 001) This resulted in a significant influence on the total treat­
ment time (p = 0 006) 
The factor 'extension of the restoration' exerted a significant influence on all treat­
ment phases except 'preparation' and 'polishing' The median treatment time neces­
sary to complete the 'retention' phase was for amalgam pins and slots 2 6 mm, for 
self-threadmg pins 3 7 mm and for the application of a cemented dowel 11 6 mm 
Only for the total treatment time, significant interactions among the considered fac­
tors were found In each interaction the factor 'retention method' was involved 
For this reason the percentage effects of the different levels for the total treatment 
time, with the retention methods separated, are given m table 8-5 
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Table 8-5 Percentage effects of different levels of considered factors with respect 
to pre-chosen level (zero columns) for total treatment time with three retention 
methods separated and corresponding significance levels of ANOVA 
Retention 
method 
Slot 
Ρ 
Pin 
Ρ 
Dowel 
Ρ 
Operator 
I II 
0 18 
*** 
0 25 
*** 
0 15 
ns 
III 
30 
36 
3 
Side 
R L 
0 2 
ns 
0 12 
* 
0 17 
(*) 
Factor 
Jaw 
Man Max 
0 6 
(*) 
0 -2 
ns 
0 13 
ns 
Extension 
per cusp 
62 
** 
36 
ns 
-36 
ns 
All effects in percentage of median operating time 
ρ = significance level of ANOVA ns = ρ > 0 10, (*) = 0 05 < ρ < 0 10. * = 0 01 < ρ < 0 05, 
** = 0001 < p < 001, *** = p < 0001 
Discussion and conclusions 
The mean treatment time, needed to accomplish all clinical procedures in the fabri­
cation of an EA restoration, was 60 3 mm It is emphasised that only primary activity 
time is recorded and that time for secondary and nonproductive activities are exclu­
ded и 6 As seen in table 8-4 the factor 'operator' had a significant influence on all 
treatment phases and on the total treatment time With regard to the total treatment 
time operator I was 19% faster than operator II and 26% faster than operator III 
These differences may be partly explained by the lack of experience of operator III 
at the start of this clinical trial Another explanation may be that, despite the pre­
sence of a written consensus protocol for the clinical procedures, individual diffe­
rences existed in the treatment phases between the operators It is not clear whe­
ther longer treatment times will give, in the long run, a higher quality and durability 
of the restorations This factor will be included in future evaluations of the restora­
tions 
The 'operator' effect as described here is well known from other studies, concerning 
treatment time of restorative procedures м з 2 / 9 
The factor 'tooth type' did not have a significant effect on the time of one or more 
treatment phases Possibly the more distal location of the second molars is compen 
sated for by the absence of a distal proximal contact 
As could be expected, the factor 'retention' has a highly significant influence on the 
treatment phase 'retention' In particular, the application of a cemented dowel in the 
non-vital molars substantially influences the treatment time The more than 100% 
increase in time resulted in a still significant influence on the total treatment time (p 
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= О 006) This can be explained by the increased number of actions which must be 
completed, as well as to the setting time of the zinc phosphate cement which was 
used In the application of the indirect retention method for vital molars, self-threa­
ding pins gave a 36% higher treatment time in the 'retention' phase compared with 
direct retention methods such as amalgam pins or slots 
The significant influence of the operator on the treatment time for the retention 
methods can be attributed to retention methods S (slot) and Ρ (pin) (p < 0 001) as 
depicted in table 8-5 The application of retention method D (dowel) introduces no 
significant operator effect 
The lower treatment time for EA restorations on the left side of the patient in the pre­
paration and polishing phases, resulting in a 5% difference for the total treatment 
time, cannot be explained reasonably All operators were right-handed Possibly 
this influences the accessibility of the operation field 
The 10% lower treatment time for 'condensing' the amalgam in EA restorations made 
in the mandible is not surprising with respect to the vertical position of the maxilla 
and the horizontal position of the mandible 
The extension of the EA restoration had a highly significant influence on all treat­
ment phases, except 'preparation' and 'polishing' The latter is surprising since it was 
expected that a larger area of amalgam should take more time to polish I lowever, 
an explanation could be that large areas of amalgam had fewer occlusal margins 
with natural tooth structure, the remaining buccal and palatal/lingual margins were 
easy to polish The treatment phases 'retention', 'matrix', 'condensing' and 'carving' 
were all significantly influenced by the extension of the EA restoration The increase 
in time was 5-12% per cusp reconstructed in amalgam For the total treatment time 
an increase of 5% for each amalgam reconstructed cusp was calculated 
In a study by Advokaat2 on treatment times of amalgam restorations a mean treat­
ment time of 30 mm for normal three surface restorations was observed This repre­
sents the times without polishing, taking an additional 6 min As in our study the 95% 
intervals were very divergent, ranging from 15 6 to 59 0 mm These differences are 
mainly attributed to differences in the working pace between the three operators In 
a similar study Hendriks et al '^ found a mean treatment time of 42 mm for amalgam 
restorations on molars with two proximal surfaces (including polishing) 
Conclusions with regard to treatment times must be viewed from the perspective of 
the quality of the care provided Excessive emphasis should not be placed upon the 
concept that faster or cheaper is necessarily better in terms of cost-benefit ratio 
The longevity of amalgam restorations as expected by several hundred clinicians 
was the topic of a cross-sectional survey by Marymuk and Kaplan209 They found for 
large amalgam restorations (4-5 surfaces) an estimated average minimum accepta­
ble longevity of 4 0 yr The mean was 6 1 yr and the estimated ideal longevity was 9 3 
yr For the treatment alternative, cast crowns, these estimates were respectively 8 4, 
13 0 and 20 5 yr, or about double the time for extensive amalgam restorations 
From clinical studies it is known that various steps in the restorative procedure will 
influence both the clinical performance of the restoration and the treatment time of 
the dentist91 Essential in the application of E A restorations is the removal of weak 
cusps, the introduction of auxiliary retention and the requirement of carefully recon­
structing the occlusal surface of the teeth with amalgam These treatment steps 
require time 
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In the treatment phases some adaptations can be suggested, which could shorten 
the total treatment time In recent publications it is questioned whether polishing of 
the amalgam restorations is important186 3 0 1 2 I 2 Similar marginal integrity after seve­
ral years was revealed whether amalgam restorations were polished or not Espe­
cially when great care is taken in the carving phase, abandoning the polishing 
phase is suggested 1 9 0 3 " 12b A mean reduction of 10 mm of the treatment time as 
found in this study might be the result (table 8-3) A consideration pro polishing is the 
comfort of the patient A polished surface facilitates the oral hygiene and may stimu­
late the patient to take care of the dentition 
When considering the carving phase it can be concluded that carving times of more 
than 20 mm are too long because this time exceeds the carving time of the amalgam 
Attention should be paid to a basically good reconstruction of cusps and fossae 
without extensively carved secondary and tertiary grooves When this is achieved, 
a significant reduction of the mean treatment time is possible 
With regard to the retention methods applied, especially the application of a 
cemented dowel in treatment of non-vital molars takes much time A treatment alter­
native, which can be applied when a large pulp chamber is available, is the fabrica­
tion of an all-amalgam core In this method the amalgam is condensed in the pulp 
chamber and the entrances of the root canal2 3 0 A reduction of the treatment time in 
this phase of 8 mm may be possible 
Whether a mean treatment time of 60 mm is economically acceptable will mainly 
depend on the durability of the restoration Durability and quality results of this clini­
cal trial on EA restorations will be discussed in section 9 and will also be reported in 
the near future 
Scientific research m the field of reconstructive dentistry has been directed prima­
rily to effectivity, ι e increasing the durability by new materials and techniques The 
efficiency factors (costs) were not taken into full consideration At a time when cost-
reduction plays a major role in developing dental health care policies, it is the res­
ponsibility of the dental profession to perform research in this field and to offer treat­
ment options with a high productivity 
Summary 
The treatment times for the fabrication of EA restorations as recorded in this longitu­
dinal clinical trial at the Dental School in Nijmegen were analysed 269 EA restora­
tions with different retention methods which were made on molars by three opera­
tors were analysed A mean total treatment time of 60 min was found The factor 
'operator' had a significant influence on all treatment phases resulting in a 26% diffe­
rence in total treatment time between operators Also significant influences were 
found in some treatment phases for the factor 'retention', 'side location' of the tooth 
and 'extension of the restoration' The results of this study with regard to treatment 
time must be considered from the perspective of the quality of the care provided 
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Two-year evaluation of the EA restorations 
'The cost of mounting clinical trials should be compared with the cost of 
continuing useless or harmful procedures' 
Ainamo and HoUoway, 1982 
Introduction 
Research on amalgam restorations has been primarily directed towards durability 
and failure modes of standard Class I and II restorations. With improvements of den­
tal amalgams and the possibility to enlarge the retention of the amalgam with auxi­
liary retention methods, the applicability of amalgam in larger restorations increa­
sed It is surprising that most of the studies in this area refer to the (older) indirect 
retention methods, ι e. self-threading pms, and have been restricted to in vitro tests. 
There are some clinicians, who claim that they have reached satisfactory results 
with the application of the relatively new direct retention methods. 2a7"289"120"e', How­
ever, no systematical clinical research has yet been conducted with regards to 
durability and failure modes of large amalgam restorations with auxiliary retention 
Information on these items is relevant for both the clinician and the patient First of 
all the quality of restorative treatment, the optimum choice of materials and methods 
to use, and the type of restoration cannot be evaluated adequately without clinical 
durability data. Moreover, cost-benefit and cost-effectiveness analyses, and the allo­
cation of limited resources to provide the most appropriate care, cannot be done in 
the absence of information about durability. Finally, accurate evaluations of different 
treatments, such as comparisons of EA restorations with cast crowns, would be 
improved by durability data.208 
Failures 
Introduction 
The evaluation item drawing the most attention in restorative dentistry is the failure 
rate of restorations. In judging the failures in this study, the classification as presen­
ted in section 6.3 is used. In this classification 'absolute' and 'relative' failures are dis­
tinguished. 
It may be expected that failures due to technical shortcomings of the restorations 
will occur in the first years of the follow-up, while patient induced or biologic failures 
need several years to manifest themselves225 
There are some clinical studies in which failures of EA restorations are described. 
Seng et al.287 observed no failures after one year in 75 amalgam restorations with 
amalgam slots. Garman et al 1 2 0 made 22 pairs of E A restorations with self-threading 
121 
pin retention and amalgam slot retention The data after one year and two years indi-
cated, that the amalgam slots were as retentive as the self-threading pins However, 
5 pairs of restorations in the Garman study were 'lost to follow-up' after two years 
After five years, Dannheimer84 found that of 27 EA restorations with slot retention 
only one restoration was replaced by a full crown, and he concluded that extensive 
slot-retained amalgam restorations have been proved feasible under clinical condi-
tions Unfortunately, these papers lack essential information about design and proto-
col of the study, necessary for drawing well-founded conclusions 
In a review of 86 patients with 128 complex amalgam restorations, the 50 per cent 
survival rate was estimated to be 115 years and the 85 per cent survival rate 4 5 
years After 2 years, 96 per cent of the restorations were still mtact272 No difference 
in longevity was noted with regard to the number of cusps restored with amalgam 
In this review, unfortunately, no information about the retention methods of the resto-
rations was given 
9 2 2 Results 
During the evaluation period of 2 years, 3 absolute failures were noticed, consisting 
of 2 dislodgements (after 6 and 12 months) and one extraction, following endodontic 
therapy (after 21 months) In the case of the dislodgements, no fracture of remaining 
tooth structure occurred and a new EA restoration could be fabricated 
Relative failures are failures in which some action has to be undertaken to secure the 
function of the E A restoration In 10 cases complications of an endodontic nature, 
Table 9-1 The distribution of absolute and relative failures and 'lost to follow-up', 
according to retention method and operator (I, II and III) afler two years (n = 300) 
Retention 
method 
Operator 
Failure 
Absolute 
Relative-endod 
Relative-filling 
Relative-other 
Total failure 
Lost to follow-up 
Amalgam 
pin 
I 
-
1 
-
-
1 
-
II III 
- 1 
- 1 
2 2 
- -
2 4 
1 -
Amalgam 
slot 
I II III 
1 - 1 
2 - 1 
_ _ _ 
- - -
3 - 2 
- - -
Circum-
ferential 
slot 
I II III 
- - -
- 1 -
2 - -
_ _ _ 
2 1 -
- - -
Self-
threading 
pin 
I II III 
_ _ _ 
- 1 2 
- 1 -
- - -
- 2 2 
- - -
Dowel 
I II III 
_ _ _ 
_ _ _ 
1 - 2 
- - -
1 - 2 
- - -
Subtotal 
I II 
1 -
3 2 
3 3 
- -
7 5 
- 1 
III 
2 
4 
4 
-
10 
-
Total 
3 
9 
10 
-
22 
1 
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such as pulpal necrosis with an associated periapical lesion, were observed Endo­
dontic complications were diagnosed on the basis of clinical symptoms (pain, sensi­
tivity, swelling etc ) indicating inflammation of the pulp or the periapical tissues In 9 
out of these 10 cases the EA restoration could remain in situ while endodontic the­
rapy through the occlusal part of the EA restoration was completed In one case 
complications made extraction necessary and thus this case is now recorded as an 
absolute failure 
In 10 cases a small amalgam restoration at the margin of the EA restoration had to be 
inserted These cases were also considered relative failures 
The distribution of absolute and relative failures is presented in table 9-1 and the fai­
lure rates in figure 9-1 
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Figure 9-1 Overall, absolute, and relative failure rate of the EA restorations during 
the evaluation period 
In total, only 3 restorations could be considered to have failed according to the abso­
lute failure criterion (1%) If the extended failure criteria were applied, 22 restora­
tions were not successful (7%) Only one patient, who had one E A restoration, was 
'lost to follow-up' in the two-year evaluation due to a long stay abroad 
The small number of failures did not permit a valid statistical discrimination between 
the levels of both experimental variables (retention methods and operators) 
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9 2 3 Discussion 
The absolute failure rates after two years reported in this study are in the same 
order of magnitude as the results of the other cited clinical studies ^7120 ^272 Howe-
ver, it may be expected that due to the controlled and longitudinal character of our 
study, more information on failures and factors influencing these failures will surface 
intime 
The relative failures, in which an endodontic treatment was necessary, first surfaced 
after approximately one year This was surprising, for it was to be expected that due 
to the extensive nature of the restorations more endodontic problems would occur 
within a short period after therapy This finding may also have implications for the 
evaluation period between insertion of a restoration and the fabrication of a cast 
crown, which is, until now, recommended to be six months 16b It must be stated that 
only those molars were endodontically treated that were diagnosed on the basis of 
clinical symptoms Radiographs were not made routinely at the evaluation moments 
They would probably show more endodontic problems and would thus introduce 
more relative failures27 
Due to recurrent decay or marginal failure, in some cases a small amalgam restora-
tion at the margin of the EA restoration had to be made in order to prevent further 
damage Some of these relative failures were probably due to insufficient condensa-
tion of the amalgam at the margins, although decay due to bad oral hygiene occur-
red as well This factor will almost certainly be responsible for more failures in time 
Further evaluation of the EA restorations in this section will not be based on failures 
but on general quality parameters 
9.3 Measurement reproduciblity 
Determination of the reproducibility of measurements is based on an internal com-
parison of the results of a number of applications of the measurements under the 
same conditions This quality is influenced by random or systematic deviations (sec-
tion 6 4 12) 
The quality of the measurements can be investigated in two different ways The first 
method was carried out on the basis of triplicate observations of tooth and EA resto-
ration at the two-year recall (section 6 4 9) The mam investigator was always one of 
the three observers The two other observers were chosen randomly, depending on 
their availability at the Dental School In total 15 observers participated in these eva-
luations The observations concerned the loading of the cusps during lateral jaw 
movements, the proximal contact, the occlusion on cusps and in fossae, and the mar-
ginal integrity 
A point to consider is that the triplicate observations at the two-year recall will 
reduce the measurement error in this observation in comparison with the observa-
tions at 0, 0 5 and 1 year Errors due to biological fluctuations will not be influenced 
by this remeasurement 
From these triplicate observations reproducibility values (Kappa and P-observed) 
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were calculated for each observation item. The Kappa coefficients may be interpre­
ted as the percentage agreement between the observers after the coincidental per­
centage agreement is eliminated P-observed values are the uncorrected percen­
tage agreement between observers Kappa and P-observed values represent a 
mixture of random and systematical differences. The study on systematic differen­
ces is performed on basis of the mean score per tooth by several observers for each 
measurement item Excluded from this analysis is the proximal contact observation, 
since the mean score is difficult to interpret for this variable. 
The second method to test the quality of the measurements is the analysis of the total 
longitudinal collected data (0, 0 5, 1 and 2-year observations). Interpenod correla­
tion analyses (IPC-analyses) were performed, resulting in an overall measurement-
remeasurement correlation coefficient. In this way, the overall measurement quality 
is investigated, including the influence of the different observers. The reproducibi­
lity of the longitudinal variables at ordinal or metric measurement level may be esti­
mated using IPC-analyses 
9 3 1 Data quality at two-year recall 
In order to simplify the testing and presentation of the interobserver agreement for 
the triplicate measurements at the two-year recall, the analysis was restricted to the 
nine observers, who together performed 96 per cent of all triplicate observations 
The remaining six other observers were responsible for only 4 per cent of the data 
and therefore not suited for further statistical analysis 
Due to the low prevalence of insufficient scores (3 or 4) for the marginal integrity of 
the EA restorations, the observer reproducibility analysis had to be restricted to the 
five observers, who performed the major part of the observations (89 per cent) 
For this analysis the marginal integrity scores (1-4) were summarised in two scores, 
ι e. score 1 and 2 together representing clinically acceptable marginal integrity, and 
scores 3 and 4 together representing the potentially insufficient scores for marginal 
integrity Kappa values were calculated for each observer compared against all 
others. The final Kappa value is calculated as the average mean Kappa for the nine 
or five observers weighted according to the number of observations. 
In table 9-2 the results of the interobserver agreement analysis of the triplicate 
observations are given. 
The mean Kappa value varied from 65 per cent for the proximal contact score to 33 
per cent for the score of the marginal integrity. The mean score for P-observed 
values varied from 93 per cent for the marginal integrity score to 77 per cent for the 
occlusion in the fossae 
The mean Kappa values for the variables of loading of cusps, proximal contact, and 
occlusion in fossae and on cusps may be considered as 'moderate' or 'substantial' 
qualities of the observations17,1 (table 5-3) The mean Kappa value for marginal inte­
grity may be considered as 'fair'. 
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Table 9-2 Results of the ¡nterobserver agreement analysis of the tooth and EA res-
toration variables m triplicate measurements at the two year recall. The weighted 
average and the mter-quartiles range (P25, P75) are given for both Kappa and P-
observed. 
Variable 
Loading cusps 
Proximal contact 
Occlusion fossae 
Occlusion cusps 
Marginal integrity 
(1,2 vs 3,4) 
η observers P25 
9 SO 
9 
9 
9 
5 
63 
42 
49 
29 
Kappa % 
X 
52 
65 
52 
56 
33 
P75 
57 
83 
54 
58 
34 
P25 
84 
91 
74 
75 
93 
P-observed % 
X 
85 
93 
77 
80 
93 
P75 
85 
100 
80 
81 
94 
χ = weighted mean according to the number of observations (see table 9-3) 
Table 9-3 The number of observations and the mean Kappa and P-observed 
values for each observer* (ranked according to number of observations). 
Observer 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
Total 
Number of 
observations 
(teeth) 
296 
208 
148 
92 
43 
23 
18 
16 
12 
856 
Mean 
Kappa 
58 
56 
58 
52 
46 
67 
64 
44 
57 
-
Mean 
P-observed 
85 
84 
84 
82 
79 
86 
87 
81 
80 
-
This mean is based on the interobserver agreement values for the loading of cusps, proximal 
contact, and occlusion on cusps and in fossae (table 9-2) 
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The results of the occlusion observations differed from the results for the interobser-
ver reproducibility of the occlusal topographic contact method as presented in sec­
tion 5 3 The average Kappa of 54 per cent for the triplicate observations was not as 
good as the 62 to 68 per cent Kappa obtained by the observers as described m sec­
tion 5 3 This difference can be explained by the fact that the study, as described in 
section 5 3, was conducted in a period of three weeks by a permanent set of 3 obser­
vers In addition the major objective of that study was especially the observation of 
the occlusion It may be expected that this restnction increases the interobserver 
reproducibility 
In order to get an impression of the differences between the 9 observers, mean 
Kappa and P-observed values for each observer with regard to the four evaluation 
items are presented in table 9-3 
The Kappa value per observer varied from 67 to 44 per cent 
For each of the nine observers participating in the two-year evaluation, possible sys­
tematic deviations in their observations compared to the other observers were ana­
lysed The t-test was used to study systematic deviations in the variables loading of 
cusps, occlusion on cusps and in fossae, and marginal integrity In table 9-4 the 
results of the t-test for systematical differences and corresponding duplicate error 
(the measurement error after correction for systematic differences) is given for each 
observer 
Table 9-4 Systematical differences (SYS DIF) and duplicate errors (DUP ERR) m 
the different observations for each observer 
Observer Loading Occlusion Occlusion Marginal 
cusps cusps fossae integrity 
SYS DUP SYS DUP SYS DUP SYS DUP 
DIF ERR DIF ERR DIF ERR DIF ERR 
-0 02* 
-0 02 
0 06* 
000 
0 05 
0 02 
-0 06* 
-0 02 
-0 03 
015 
0 13 
015 
015 
0 19 
016 
0 12 
0 15 
0 16 
-0 04* 
000 
0 06* 
-0 06* 
0 15* 
0 06 
-0 12* 
001 
008 
0 16 
0 15 
0 17 
0 17 
021 
016 
0 16 
014 
0 17 
0 05* 
0 06* 
-0 09* 
-0 03 
-0 08* 
0 05 
-0 13* 
-0 07 
-0 23* 
0 20 
0 19 
0 20 
0 22 
021 
021 
021 
0 28 
0 17 
0 07* 
0 06* 
-0 02 
0 00 
0 06* 
-0 07* 
0 00 
0 20* 
0 03 
0 19 
0 20 
0 19 
0 19 
021 
0 13 
0 13 
0 18 
0 17 
0 23 0 23 0 29 0 30 
* = significant systematic difference at ρ < 0 05 
- = lower scores than the mean of other observers 
1 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
Sample standard 
deviation 
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It may be concluded that no relevant differences existed m the random errors of the 
nine obervers. Extreme values only occurred for observers with a relatively small 
number of observations The random errors were relatively large in comparison to 
the standard deviations of the sample, which were still small after a follow-up of only 
two years 
Systematical differences between observers were present, but the largest systema-
tical differences just occurred for observers with a relatively small number of obser-
vations. However, it is questionable, whether these differences in observations are 
clinically relevant If a mean score per observer for the number of occlusal contacts 
differs 0 2 or 0.3, this will not significantly influence the results of the study In 
applying the Kappa coefficient as a measure for the reliability of observations, a low 
prevalence of a particular condition causes low Kappa coefficients together with 
high P-observed values This phenomenon may also be seen in table 9-2, m which 
the variable marginal integrity combines the lowest Kappa with the highest P-obser-
ved percentages If the marginal integrity deteriorates in time, thus increasing the 
prevalence of scores 3 and 4, it may be expected that the method will result in better 
Kappa values 
9.3.2 Overall data quality 
Through repeated observations, as in this trial, essentially remeasurements were 
obtained in a natural way A restrictive factor in obtaining reproducibility values is 
the fact, that the interval between the observations is long It might be expected that 
real changes can occur in this period In general, the correlation between two 
observations will decrease with the time interval in a linear way. The Interpenod 
Correlation Matrix Analysis (IPC-analysis) is a method to test the overall quality of 
the observations m m 
The measurement errors during the total evaluation period can be estimated by this 
IPC-matrix and thus corrections for true changes over time can be incorporated 
This matrix contains the correlation coefficients between one and the same variable 
at different times of measurement. In general, such a correlation matrix shows a 
decrease m correlation coefficients with increasing intervening time intervalll6 The 
matrix was applied on several variables from this study. 
In table 9-5 the estimated measurement-remeasurement correlations for dentition 
and tooth/EA restoration measurements are given. 
Though there are no objective entena for the evaluation of variables, the following 
measurement-remeasurement correlation classification is proposed, correlation > 
0 8 = 'strong', 0 6 < correlation < 0 8 = 'substantial' 0 4 < correlation < 0 6 = 'mode-
rate' and correlation < 0 4 = 'poor' It may be concluded that only the variable resto-
rative degree of the dentition obtains a 'strong' overall quality score for the overall 
measurement The 'poor' quality of the measurement of the proximal cervical margi-
nal integrity of the EA restorations, compared with the well accessible margins, 
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Table 9-5 Estimated measurement-remeasuiement correlations from the IPC-ana-
lysis for the dentition and tooth/EA restoration measurements and corresponding 
quality indica tion 
Variables 
Dentition 
Restorative degree 
PBI dentition per location 
PBI dentition mean 
Tooth/EA restoration 
Loading buccal cusps 
lingual cusps 
Occlusion buccal cusps 
lingual cusps 
fossae 
PBI mean 
Marginal integrity 
occlusal 
proximal cervival 
lateral surfaces 
Proximal contact 
Measurement-
remeasurement 
correlation 
0 94 
0 32 
0 45 
0 49 
041 
0 62 
0 54 
0 45 
0 28 
0 46 
0 26 
0 47 
0 67 
Quality of the 
measurement 
strong 
poor 
moderate 
moderate 
moderate 
substantial 
moderate 
moderate 
poor 
moderate 
poor 
moderate 
substantial 
could be explained by the difficult accessibility of this area of the margin However, 
the total marginal integrity score may be considered to be 'moderate' 
Due to a lack of variability of the marginal integrity score directly after polishing 
(time of measurement = 0), this score was excluded from the IPC-analysis The rea­
son for this lack of variability is, that the operator has the opportunity to create an 
almost optimal marginal integrity in this polishing phase 
From the variables that scored a 'moderate' quality, no final conclusions about the 
measurement method could be drawn It may be possible that after extended eva­
luation periods of more than two-years, the quality of the measurements will increa­
se, especially if triplicate observations will be performed again 
The low quality and reproducibility of measurements of periodontal items are 
known from other studies Especially bleeding and pocket measurements are diffi­
cult in this respect1GO-315-2 з ш 
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If 'poor' quality measurements are analysed, non-informative or even false results 
will be presented For this reason the 'poor' quality of the total FBI observations will 
be excluded from further evaluation. 
The other observations will be used for further analyses, to be presented in the follo­
wing sections. 
Clinical behaviour, the influence of background variables 
In this section the evaluation of the integral sample group of the EA restorations in 
this trial will be dealt with. Since the evaluation of the experimental groups showed 
no relevant differences with respect to the background variables (section 6), the 
experimental and control groups may be considered as being part of one sample 
General evaluation of the EA restorations as a restorative concept is therefore allo­
wed on the basis of this sample. The clinical behaviour will be described for the 
evaluation criteria of occlusal stability and loading of cusps during lateral jaw move­
ment, marginal integrity and proximal contact (see section 6 3 2) Gingival aspects 
were also part of the evaluation criteria Due to 'poor' measurement quality this crite­
rion will not be used in the evaluation of the clinical behaviour (see section 9.3 2) 
Occlusal stability 
In the evaluation of EA restorations, one of the problems is whether (durable) occlu­
sal stability can be obtained. In order to get an impression of this occlusal stability, 
the 296 EA restorations, that were available at the two-year recall, were evalua­
ted.147 
The potential to have or to create occlusal contact in each of the seven occlusal 
areas, was studied with epoxy resin replicas of both the upper and the lower jaw of 
each patient (see section 5.2). Two investigators made this (yes or no) decision by 
agreement. One EA restoration had no potential to have occlusal contact due to the 
absence of opposing teeth. Thus, 295 EA restorations in total were included in the 
analysis of effective occlusal contacts The clinically effectuated occlusal contacts 
were scored with coloured occlusion test foil according to the method described in 
section 5 2. After 0, 0.5 and 1 year this was done by one investigator, at the 2-year 
recall by triplicate observation (section 9.3). 
In total 2065 occlusal areas were investigated. Of these areas 51 per cent was consi­
dered to have the potential to obtain occlusal contact with te оррюзшд teeth. Of 
these 1048 potential contact areas, 80 per cent (n = 835) turned out to be reconstruc­
ted in amalgam The other 20 per cent (n = 213) was considered to be intact. The 
distribution of the EA restorations and the potential occlusal contacts over tooth type 
and over the operator is given in table 9-6. 
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Table 9-6 Distribution of EA restorations and potential contact areas over tooth 
type and operator 
Variable 
Tooth type 
16-26 
17 27 
36-46 
37-47 
Operator 
I 
II 
III 
Total 
EA 
restorations 
69 
44 
104 
78 
99 
98 
98 
295 
Potential 
contact areas 
252 
153 
370 
273 
365 
337 
346 
1048 
Mean number of 
potential contact areas 
per EA restoration 
3 65 
3 48 
3 56 
3 50 
3 69 
3 44 
3 53 
3 55 
It may be concluded that there is almost no discrepancy between the distribution of 
the potential occlusal contacts over the tooth types and over the operators 
For 21 per cent of the molars with EA restorations, all potential contact areas were 
also scored being effectuated In 34 per cent one potential contact was not effectua­
ted For 38 per cent two or more potential contacts were not effectuated For 7 per 
cent of the expenmental teeth more effectuated than potential occlusal contacts 
were scored This is an indication of the observation error of the method It may be 
assumed that these errors are randomly distributed and thus do not bias the results. 
The percentages of clinically effectuated potential occlusal contacts, based on the 2-
year triplicate observations, are presented in table 9-7 The percentages are given 
for the amalgam restored areas and the intact areas 
A highly significant difference was found when the number of effectuated occlusal 
contacts for the total amalgam areas, versus the occlusal contacts for the total intact 
areas were analysed (chi-square, ρ < 0 0001) Of the amalgam areas with potential 
occlusal contact, 55 per cent had effectuated occlusal contact, whereas of the intact 
potential contact areas, 72 per cent recorded effectuated occlusal contact (table 9-7) 
With regard to the influence of both the number of cusps reconstructed with amal­
gam and the operator on the percentage effectuated occlusal contacts for the molars 
with EA restorations, the results are given in table 9-8 
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Table 9-7 Percentages of effectuated potential occlusal contacts with regard to 
restorative state of the areas according to tooth type and operator (based on 2-year 
observations) 
Variable 
Tooth type 
16-26 
17-27 
36-46 
37-47 
Operator 
I 
II 
III 
Total 
Amalgam areas 
(n = 835) 
% 
50 
57 
58 
54 
51 
60 
55 
55 
Intact areas 
(n = 213) 
% 
70 
66 
76 
72 
72 
76 
67 
72 
With an average of 67 per cent effectuated contacts, the EA restoration with one 
reconstructed cusp has 72 per cent effectuated contacts, whereas EA restorations 
with 3 or 4 reconstructed cusps showed an average of 64 per cent effectuated con-
tacts 
The influence of several variables on the number of effectuated contacts on the 
experimental teeth was investigated by means of the Stepwise Multiple Regression 
analysis. 
The number of effectuated occlusal contacts was only significantly influenced by the 
potential number of occlusal contacts (p = 0.0001, after Bonferrom correction). 
There was no significant influence on the number of effectuated occlusal contacts by 
the variables number of cusps reconstructed with amalgam, operator, restorative 
degree of the dentition, age, sex, and recruitment group of the patient 
Neither a significant influence on the effectuated number of occlusal contacts could 
be detected by the factor treatment time m the carving and polishing phase. 
The influence of the loading of the cusps during lateral jaw movement on the num-
ber of occlusal contacts on the cusps was investigated by means of chi-square tests. 
In total 219 cusps (out of 1180) were loaded In 87 per cent buccal cusps were invol-
ved. For this reason the analysis was restricted to the buccal cusps 
In table 9-9 the percentages of occlusal contacts on loaded and not loaded buccal 
cusps are given according to the restorative status of the cusp 
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Table 9-8 The average number of potential and effectuated occlusal contacts and 
the average percentage effectuated occlusal contacts according to the number of 
reconstructed cusps of the EA restoration and operator 
Variable 
Cusps reconstructed 1 
Operator 
Total 
2 
3 
4 
I 
II 
III 
Average 
potential contact 
3 70 
3 61 
3 45 
3 43 
3 69 
3 44 
3 53 
3 55 
Average 
effective contact 
2 67 
2 52 
221 
2 26 
2 47 
2 48 
231 
2 42 
Percentage of 
effectuated contacts 
72 
70 
63 
65 
66 
71 
65 
67 
Table 9-9 The percentages of effective occlusal contacts on loaded and unloaded 
buccal cusps during lateral jaw movements according to the restorative status of the 
cusp 
Cusp 
Mesio-buccal amalgam 
intact 
Ρ 
Disto-buccal amalgam 
intact 
Ρ 
Effective occlusal contact 
Loaded 
(n = 105) 
50 
74 
0 03 
56 
62 
06 
Unloaded 
(n = 144) 
33 
37 
07 
37 
38 
09 
Ρ 
0 08 
0 0003 
0 02 
0 02 
A significant difference was found between the percentages of contacts on loaded 
amalgam reconstructed mesio-buccal cusps and loaded intact mesio-buccal cusps 
(p = 0 03) This difference does not occur between the disto-buccal cusps (p = 0 6) 
and between the unloaded mesio-buccal and disto-buccal cusps (p = 0 7 and ρ = 
0 9, respectively) Significant differences were also found between the percentages 
of contacts on loaded and unloaded intact mesio-buccal cusps (p = 0 0003) and 
intact and amalgam restored disto-buccal cusps (both ρ = 0 02) 
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Since there was no significant influence on the number of occlusal contacts by the 
investigated experimental and background variables after two years, a longitudinal 
analysis of these variables was not considered to be relevant 
In table 9-10 the mean occlusal contact percentages (± SEM) are given for each 
evaluation period (0, 0 5, 1 and 2), with respect to amalgam restored areas, intact 
areas and experimental teeth in total 
Table 9-10 Mean percentage ± SEM of occlusal contacts for each evaluation 
period according to the restorative status of the occlusal areas 
Area Evaluation period 
0 year 0 5 year 1 year 2 year 
Amalgam 54 ± 1 9 55 ± 1 8 59 ± 1 8 55 ± 1 9 
Intact 63 ± 3 5 66 ± 3 4 67 ± 3 4 74 ± 3 2 
Total 56 ± 16 57 ± 16 61 ± 14 59 ± 16 
In the patient sample as a whole, there was no significant change in the percentages 
of occlusal contact during the follow up period However, this gives only a sem-
blance of truth Individual teeth showed remarkable fluctuations over time Therefo-
re, it must be questioned whether there are no real changes or whether the repro-
ducibility of the measurement was insufficient IPC-analyses of the individual results 
of a tooth resulted in an estimated test-retest correlation of 0 45 for the percentage 
contacts on amalgam areas, 0 42 for the percentage of contacts on intact areas and 
an estimated test-retest correlation of 0 40 for the total According to the standards 
described in section 9 3 2, the quality of the measurement might be considered to 
be 'moderate', and even almost 'poor' indicating that the non-significant result might 
be due to measurement problems 
In the sample as a whole, the paired t-tests detected significant differences between 
the percentages of contact on amalgam restored areas and intact areas at the eva-
luation periods 0 5 year (p < 0 05), 1 year (p < 0 05) and after 2-years (p < 0 01) At 
baseline (period 0) no significant difference existed between amalgam and mtact 
areas 
9 4 2 Marginal integrity 
Marginal fracture was believed to be one of the principal causes for failure of amal-
gam restorations Marginal breakdown has been related to tooth fracture and recur-
rent caries, thus indicating the replacement of restorations m i2aziS Possible reasons 
for marginal detenoration are (1) retention of excess mercury, (2) improper cavity 
134 
preparation, (3) failure to condense properly, (4) failure to carve or finish the resto­
ration, (5) delayed expansion, (6) corrosion and (7) creep caused by occlusal for­
ces 
<M 45 
Although modern high-copper amalgams show superior marginal integrity compa 
red to most of the traditional amalgam alloys (section 1 3 1), marginal deterioration 
remains a problem Operator induced marginal failures frequently occur, due to 
improper cavity preparation, condensation, carving and finishing7 m 
The 4-pomt scale evaluation method used in this study was described in section 
6 4 8 In section 9 3 the reproducibility of this method was discussed 
In order to get an impression of the marginal integrity of the EA restorations, the 296 
restorations available at the two-year recall were evaluated by three observers 
In total there were 2165 margin sections This was an average of 7 3 margin section 
per EA restoration When the results were subdivided, a mean marginal score of 
1 25 was found for the occlusal sections, 1 23 for the lateral surface sections, and 1 32 
for the proximal cervical sections The Wilcoxon signed ranks test showed no signi­
ficant difference between the integrity of the occlusal margins and the lateral mar­
gins (p = 0 5) Neither was any significant difference found between occlusal and 
Table 9-11 Distribution of the mean marginal integrity score according to operator, 
measurement period and marginal area, and the significance levels of operator 
effects (Kruskal-Wallis test) 
Margin 
Occlusal 
Lateral 
Proximal 
cervical 
Period 
Oyr 
OSyr 
ІУІ 
2yr 
Oyr 
OSyr 
lyr 
2yr 
Oyr 
OSyr 
lyr 
2ут 
I 
102 
1 11 
1 13 
1 13 
1 11 
1 11 
109 
1 18 
113 
120 
125 
133 
Operator 
II 
106 
1 18 
131 
128 
122 
125 
125 
133 
127 
1 19 
127 
136 
III 
120 
12?. 
1 14 
134 
123 
109 
109 
1 18 
1 17 
1 18 
121 
128 
Total 
109 
1 17 
120 
125 
1 19 
1 15 
1 14 
123 
1 19 
1 19 
124 
132 
Ρ 
operator 
effect 
002 
05 
01 
01 
0 0008 
00001 
0 0001 
0 0004 
0 04 
10 
05 
04 
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proximal cervical margins (ρ = 0 06) However, there was a significant difference 
between lateral margins and proximal cervical margins (p = 0 0003) 
Due to the positively skewed distribution of the scores for marginal integrity, 
ANOVA could not be used to evaluate the influence of the background variables 
The low prevalence of a bad marginal integrity (score 3 or 4) may preclude this For 
this reason the influence of the operator on the marginal integrity for each measure­
ment period was analysed with non-parametric Kruskal Wallis tests (table 9-11) 
After two years no significant difference could be detected between operators for 
occlusal margins (p = 0 1) and proximal cervical margins (p = 0 4) Lateral margins 
showed a highly significant difference between operators (p = 0 0004) 
In every measurement period, the lateral areas showed significant differences 
between the operators The initial (period = 0) occlusal and proximal marginal sco­
res showed significant differences between the operators as well 
After insertion of the restoration the marginal integrity scores increased slightly with 
increasing time, indicating some marginal deterioration The differences between 
the operators did not show a consistent pattern 
9 4 3 Proximal contact 
The proximal contact area has been defined as the area of proximal heights of con­
tour of the mesial or distal surface of a tooth, which touches its adjacent tooth in the 
same arch It is generally accepted that the proximal contact should not be so tight 
as to cause wedging of the teeth, while a weak or absent contact may contribute to 
impaction of food and subsequent dental caries, periodontal disease, or drifting of 
teeth Moreover, it could be uncomfortable for the patient In this clinical trial the 
proximal contact integrity with the adjacent teeth was examined as described in 
section 6 4 8, and evaluated in relation to site of contact (mesial/distal) 
Table 9-12 Distribution of the recorded scores for proximal contact according to 
location 
Score Mesial Distal 
Contact, adequate 246 147 
Contact, not adequate - 1 
No contact, adequate 25 13 
No contact, not adequate 3 3 
No adjacent teeth 22 132 
Total 296 296 
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The recorded scores (see section 6 4 8) at the two-year evaluation are given in table 
9-12 In 22 cases there was mesially no directly neighbouring tooth, while in 132 
cases a distal adjacent tooth was absent 
In only 7 cases triplicate observations resulted in the majority decision that a proxi-
mal contact was not adequate In all these cases consultation with the patient resul-
ted in the decision to perform no operative treatment The patients experienced the 
lack of proximal contact as inconvenient but acceptable There was not sufficient 
ground for initiating the fabrication of a new EA restoration or a cast crown 
The low number of negative scores did not permit further statistical analysis 
9 4 4 Discussion and conclusions 
The clinical behaviour of the EA restorations sample as analysed in the previous 
sections does not show serious problems The reproducibility of the measurement of 
occlusal stability is not sufficient to allow a detailed description of the individual 
tooth stability in occlusion However, from the sample as a whole some conclusions 
may be drawn 
After two years the occlusal stability of EA restored molars may be considered to be 
satisfactory as found in this study A general mean of 2 4 effectuated occlusal con-
tacts was found Even when all cusps were reconstructed with amalgam, a mean 
number of 2 3 occlusal contacts was established Apparently, the occlusal stability is 
not negatively influenced by extension of the restoration as is suggested by Bayne et 
al20 
When these figures are compared with the mean number of occlusal contacts for 
intact, with amalgam-restored, and with cast-restorations restored molars, as investi-
gated with the same method in the study of section 5 4, some aspects draw the atten-
tion The mean number of occlusal contacts for cast crowns (2 3) is the same for (all 
four cusps reconstructed) amalgam crowns as found in this study The mean number 
of contacts for amalgam restored areas was 1 6 versus 2 4 m the EA study It may be 
concluded that spending more attention and time (as calculated in section 8) to the 
carving and polishing phase of an amalgam restoration, according to the treatment 
protocol, results in acceptable occlusal stability 
The discrimination between occlusal areas in having potential contact or not, and 
actually having effectuated occlusal contact or not, suggests that one effective con-
tact per molar is still missing However, the same holds true for cast crowns as calcu-
lated in section 5 4 The creation of 3 5 effectuated occlusal contact areas per molar 
is the goal to be pursued, but it will seldom be reached The finding that carving and 
polishing times have no influence on the effectuated number of contacts, does sug-
gest, that spending more time on these treatment phases does not result in more 
occlusal contacts However, it should be stressed that all teeth were treated to the 
satisfaction of the operator, for there were no protocol induced time-limits 
The finding that the factor foUow-up time had no significant influence on the mean 
percentages of occlusal contacts, suggests that EA restorations have a sufficient 
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occlusal stability in the short term. Whether this occlusal stability decreases after a 
longer period should be further investigated. 
The results for the marginal integrity of the EA restorations, as was found in our study 
after two years of research, may be considered to be satisfactory, expressed by a 
general average of 1 3 points on a scale of 1-4 (section 6.4 8). Adhering to the treat­
ment protocol, and locating the margins at lateral surfaces in the EA concept by 
reducing and reconstructing weak cusps, may have substantially contributed to 
these good results. It may also be concluded that differences existed between ope­
rators and that there were differences between margin areas but that these are not 
clinically relevant up to 2 years. Even a score of 2 or 3 (slight or obvious catch with 
probe) does not necessarily indicate quality problems. 
The effect of dental operators on the quality of amalgam restorations was studied by 
Gjerdet and HegdahV24 Substantial variations in porosity of the amalgams were 
found. This porosity is probably one of the causes of early marginal deterioration. 
Not in all cases, however, is marginal deterioration attributable to amalgam failure. 
Also increased caries susceptibility of cervical margins may introduce marginal 
deficiencies 
In our study clinically relevant problems on some margin areas were also detected 
In ten molars the scores of subsequent evaluation periods were influenced by the 
application of small marginal repair fillings (see section 9 2) By these mini restora­
tions, relative failures of the EA-restorations concerning bad marginal integrity were 
repaired 
It has been speculated that the size or type of the restoration has an influence on 
marginal deterioration. Mahler and Marantz203 could not support such assumptions. 
They only found a slight effect by the tooth type. Derand88 found that marginal fractu­
res increase with greater biting forces Goldberg129 found no significant effect on the 
marginal deterioration of the occlusal surface in relation to the number of restored 
cusps. Several other studies claimed that smaller restorations exhibited a better 
margin performance compared to larger restorations мз 3 2 2 e A major reason may 
well be that occlusal stresses are low at the margins of small restorations However, 
Berry et al ^ found that marginal failure in wide restorations was not significantly dif­
ferent from that in restorations of normal size This may be explained by the fact that 
the margins of large restorations are located outside the stress receiving occlusal 
contact areas 
Analyses of the influence of the extension of the restoration on marginal integrity 
could not be performed on the two years' results It may be possible that after seve­
ral years more marginal fractures will be present, which will permit conclusive sta­
tistical analysis. 
The link between marginal deterioration and the development of caries and clinical 
failure is disputed by several investigators.139 ^ 3 In the past it was thought that the 
larger the degree of marginal fracture, the sooner the restoration would fail How­
ever, an explanation for equal failure rates at different levels of marginal integrity 
could be related to a threshold phenomenon Deterioration up to a certain limit pro­
duces no relevant clinical effect. Large forces are needed to increase the width and 
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depth of a fractured margin. If such large forces do not occur, marginal fractures will 
not increase This threshold is normally not reached and a clinical relevant failure is 
not induced If no caries is present, marginal breakdown is only a symptom of dete­
rioration, from which, at the very most, it may be expected that it will induce failure 
in time. 
For this reason evaluation of marginal integrity is probably a good method to diffe­
rentiate between several amalgam alloys but is questionable as a major clinical 
parameter in adequate clinical evaluation of restorations as such.7 2 Ю Long-term 
results of this study may probably contribute in adding information regarding this 
question. 
The results for the proximal contacts of the E A restorations may be considered to be 
good after two years. More than 98 per cent of the contacts were adequate 
Moreover, inadequate proximal contacts should not necessarily be attributed to the 
EA restorations only It is possible that restorative procedures in other (adjacent) 
teeth or migration of teeth are also to blame for these inadequate contacts. However, 
the opposite effect, i.e creation of contacts that were missing, may also be possible. 
9.5 The opinion of the patients 
9.5.1 Introduction 
In taking clinical decisions, the extent to which the experimental treatment is accep­
ted by the patient, and an inventory of the problems and advantages as judged by 
the patient, are an useful source of information. At the two-year recall the patients of 
this trial were asked to fill in a questionnaire Half of the questions were related to 
the patients' opinion with regard to the functioning, the aesthetics, and the cleaning 
possibilities of each molar with an EA restoration Questions concerning sensitivity 
complaints for each EA molar with regard to bitmg or chewing food and complaints 
with regard to drinking or eating cold and hot beverages or food were also inclu­
ded. The other half of the questions were directed at a more general level 
- sensitivity of other teeth to thermal stimuli; 
- whether the patient thought that his dental situation was improved after fabrica­
tion of the EA restoration(s); 
- would the patient - if treatment was necessary - again choose for an EA restora­
tion; 
- what was the opinion of the patient on the treatment time for the EA restoration, 
- what costs did the patient think were reasonable for an EA restoration, 
- which treatment would the patient choose if a cast crown cost the same as an EA 
restoration; 
- would the patient recommend insertion of an EA restoration to others if they nee­
ded treatment 
128 patients in total completed the questionnaire, resulting m information about the 
296 EA restorations which were available at the two-year recall. 
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The results of the questionnaire on tooth level for each item are presented in table 9-
13 In order to facilitate the interpretation, the teeth were combined in four catego­
ries ι e 16/26, 36/46, 17/27 and 37/47 The results on patient level are given in table 
9-14 
The results of the questionnaire at tooth and patient level were analysed with regard 
to some background variables These variables were operator (I, II, III), recruitment 
group (1, 2, 3), sex (male/female), age (born before 1953/bom in 1953 or later), and 
level of education (primary and secondary/higher and university) (section 6) The 
number of EA restorations (1, 2, 3 or more) per patient was also taken into account 
Table 9-13 Distribution of the results of the patients questionnaire at tooth level 
according to tooth type (n = 296^ 
Variable 
Function 
very good 
good 
mediocre 
poor 
Aesthetics 
no problem 
defective but acceptable 
defective and not acceptable 
Cleaning 
very good 
good 
mediocre 
poor 
Sensitive to biting 
no sensitivity 
in some degree 
very sensitive 
Sensitive to cold/warm 
no sensitivity 
in some degree 
very sensitive 
Total 
16/26 
52 
17 
-
-
57 
10 
2 
37 
28 
3 
1 
63 
s 
1 
55 
11 
3 
69 
Tooth 
36/46 
76 
29 
-
-
90 
15 
-
53 
50 
-
2 
95 
10 
-
77 
27 
1 
105 
type 
17/27 
32 
11 
1 
-
39 
5 
-
22 
18 
3 
1 
39 
S 
-
30 
12 
2 
44 
37/47 
58 
19 
-
1 
69 
9 
-
36 
38 
3 
1 
70 
8 
-
57 
19 
2 
78 
Total 
η 
218 
76 
1 
1 
255 
39 
2 
148 
134 
9 
5 
267 
28 
1 
219 
69 
8 
296 
% 
74 
26 
-
-
86 
13 
1 
50 
45 
3 
2 
90 
10 
-
74 
23 
3 
100 
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Due to the skewed positive distribution of the answers to the tooth level questions 
regarding the functioning (100 per cent positive) and the sensitivity to biting (90 per-
cent no sensitivity), these items were not analysed. According to the analysis (ANO-
VA) there was no significant influence of the background variables on the aesthetics 
Table9-I4 Distribution of the results of the questionnaire at patient level (n = 128). 
Sensitivity of other teeth to thermal stimuli 
no sensitivity 79 62 
in some degree 49 38 
very sensitive 
Improvement of the dental situation 
yes, improved 
constant 
no, deteriorated 
no opinion 
Choose again for an EA restoration 
yes 
no 
no opinion 
Treatment time for the EA restoration 
very long 
long 
normal 
short 
very short 
no opinion 
Reasonable costs for an EA restoration in Dutch ƒ (1$ = 2 Dutch ƒ) 
between 50 and 100 
between 100 and 150 
between 150 and 200 
between 200 and 250 
no opinion 
Choose between cast crown and EA restoration (at same cost) 
cast crown 
EA restoration 
no opinion 
Recommend EA restorations to others 
yes 
no 
no opinion 
74 
51 
2 
1 
105 
2 
21 
1 
26 
70 
20 
8 
3 
19 
60 
36 
5 
8 
35 
37 
56 
109 
19 
57 
40 
2 
1 
82 
2 
16 
1 
20 
55 
16 
6 
2 
15 
47 
28 
4 
6 
27 
29 
44 
85 
15 
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of the restoration as judged by the patient Neither did these factors have a signifi­
cant influence on the cleaning possibilities of the EA restoration, nor on the sensiti­
vity of the molars with the EA restoration to thermal stimuli 
At patient level ANOVA did not reveal significant influences of the independent 
variables on the results for the sensitivity of other teeth to thermal stimuli However, 
the variables sex (p = 0 02) and number of E A restorations (p = 0 001) were closely 
related to the opinion of the patient concerning the improvement of his/her dental 
situation due to the fabrication of EA restorations Female patients were more nega­
tive m this respect, and patients with a larger number of EA restorations were more 
positive 
Asking the patient if he were to choose for fabrication of an EA restoration for a 
second time if treatment would be necessary, 82 per cent scored yes, 16 per cent 
was undecided, and 2 per cent was negative Only the variable age of the patient 
had a significant influence on the results for this item (ANOVA, ρ = 0 04) Older 
patients were more positive 
The treatment time for the EA restoration was considered to be normal by 56 per 
cent of the patients, 21 per cent scored that the treatment tune was (very) long, while 
23 per cent thought it was (very) short ANOVA revealed that the factors operator 
(p = 0 03) and recruitment group (p = 0 002) had a significant influence on the 
results of this item The treatment times of operator I were considered significantly 
shorter than those of the other operators As could be expected, patients from 
recruitment group 1 (Dental School patients) generally experienced the treatment 
times shorter than patients from the other two recruitment groups 
With regard to the costs of an EA restoration, 62 per cent of the patients thought an 
amount of 50 to 150 Dutch ƒ to be acceptable, while 32 per cent answered that an 
amount of 150 to 250 Dutch ƒ would be acceptable 6 Per cent of the patients had no 
opmion No significant influences could be detected from the background variables 
If cast crowns cost the same as EA restorations, 27 per cent would prefer a cast 
crown, while 29 per cent would choose an EA restoration No significant influence of 
the standard set of variables could be detected The same holds for the analysis of 
the question if the patient would recommend an EA restoration to others if necessa­
ry 85 Percent would recommend an EA restoration, while 15 per cent did not 
express an opinion on this subject 
A separate chi-square test was performed to detect differences between cold/warm 
sensitivity of the experimental molars and sensitivity of the other teeth in the denti­
tion No significant difference (p > 0 05) could be detected, so EA restorations are 
not significantly more sensitive to thermal stimuli than other teeth of the dentition 
9 5 3 Discussion and conclusions 
The use of a questionnaire to evaluate the treatment with EA restorations two years 
after completing this treatment, is a procedure that may introduce some kind of 
bias 172 'Selection bias' in the trial population was not encountered All patients, who 
were still participating in the trial, agreed to fill in the questionnaire However, a 
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selection on a population level is clearly present For example 59 per cent of the trial 
population has a higher or university education (section 6 5) 
A more serious problem is the 'memory bias' This bias surfaces m questions in 
which an appeal is made to the memory of patients It may produce more positive 
answers to questions related to the actual treatment After two years patients may 
have forgotten negative experiences or discomfort, and may have become accusto-
med to the experimental EA restorations 
Another type of 'information bias' may arise by the tendency of patients to give 
socially desirable answers So it is conceivable that patients, who participate in an 
university trial and who get aquamted with the evaluators, give answers that they 
suppose to influence the trial results in a positive way 
Even when this positive bias is taken into account in the interpretation of the results, 
it may be concluded that both tooth and patient level respond favourably to their 
experimental EA restorations 
At tooth level the problem of the appearance of the EA restoration remains Nega-
tive scores are not clearly related to tooth type (16-26) although this was expected 
The finding that 87 per cent of the experimental E A restorations showed no aesthetic 
problems, underlines the applicability of this restoration type on molars 
Another problem at tooth level is the sensitivity especially to thermal stimuli, to 
which 26 per cent of the teeth responded However, it is difficult for patients to pin-
point the real cause of thermal sensitivity, for example, gingival recessions may 
introduce sensitivity Information on the sensitivity of other teeth in the dentition sho-
wed that the experimental molars with EA restorations did not deviate significantly 
from the general sensitivity level 
In a study by Johnsson et al160 it was found that (smaller) amalgam restorations pro-
duced very little biting sensitivity in comparison to composites (5 per cent versus 19 
per cent) However, teeth restored with dental amalgam were significantly more 
sensitive to cold stimuli than composites They also found that maxillary teeth appea-
red to be more sensitive to cold than mandibular teeth This was not confirmed by 
our results 
At patient level, it may be concluded that patients are content with the EA restora-
tions Most patients thought their dental situation had remained the same (40 per 
cent) or had been improved (57 per cent) The finding that female patients were 
more negative in this respect cannot be reasonably explained on aesthetic grounds 
since, on basis of the question about the aesthetics no significant sex influence could 
be detected The finding that patients with more EA restorations responded favou-
rably to the question about improvement of their dental situation, may be explained 
by the fact that due to the necessity of more EA restorations, their former dental 
situation could be classified as poor 
The satisfaction of patients about EA restorations is also evident from the finding that 
82 per cent would choose again for an EA restoration, if treatment would be neces-
sary Older patients were significantly more positive in this respect 
The influence of the variable recruitment group on the treatment tune as experien-
ced by the patients may be explained by the fact that patients from recruitment 
group 1 (Dental School) have to rely on dental students for their usual dental treat-
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ment The treatment times of operator I were considered significantly shorter than 
those of the other operators This is in accordance with the actual treatment times as 
presented in section 8 
A minimal fee of Dutch ƒ 100,- was considered reasonable by more than 85 per cent 
of the patients A mean acceptable fee of Dutch ƒ 136,- may be calculated from the 
overall data The results of this question are biased by the fact that about 75 per cent 
of the patients (recruitment group 1 and 2) are not used to pay full or even partial 
fees for their dental services 
Eighty-five per cent of the patients would recommend EA restorations to other 
people, if treatment would be necessary However, if cast crowns were available, 
about one quarter of the patients would prefer a cast crown The finding that almost 
three quarters of the patients did not positively choose for a cast crown, underlines 
the confidence most patients have in the EA restorations 
In short, it may be stated that after two years of functioning, EA restorations are 
generally accepted by the patients of this trial The aesthetic unpleasant colour may 
be considered to be the mam objection to EA restorations It is important that, besi-
des actual clinical measurements of the functioning of these restorations, the opinion 
of the patients is also heard This may increase the acceptability of the results of this 
clinical trial 
Summary 
In this section the results of the first interim analysis of the functioning of EA restora-
tions were presented If one uses absolute failure criteria, 1 per cent of the restora-
tions may be considered to have failed after 2 years When relative failures are also 
taken into account, this percentage was 7 per cent 
Due to the low number of failures, no significant influences from the experimental 
variables could be detected 
The cbmcal behaviour of the total sample group was analysed on several measure-
ment parameters The quality of these measurements was analysed and discussed 
Of these measurements items, occlusal stability, marginal integrity, and proximal 
contact of the EA restorations were found to be satisfactory 
Finally, the opinion of the patients with regard to their EA restorations was investiga-
ted In general, there was a positive attitude towards the EA concept 
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10 General discussion, 
conclusions and recommendations 
'Gianted that a complex (pm) amalgam is not a simple procedure, it is the most 
simple restorative method available for returning a tooth to acceptable form and 
function short of using a much more costly cast restoration' 
Porter et al, ¡988 
In the preceding sections of this book some specific problems related to EA resto-
rations have been discussed This book comprises three major parts a laboratory 
study, a longitudinal clinical study, and the formulation of criteria for occlusal stabi-
lity of dental restorations 
In this section some general points of interest and their interrelationship will be dis-
cussed 
The results of this first interim analysis of the clinical functioning of EA restorations 
showed promising results Only three absolute failures on a total of 300 EA restora-
tions were encountered With a retention rate of 99 per cent after two years, and a 
favourable patient appreciation, the fabrication of EA restorations may be conside-
red economical and socially acceptable 
The results of the clinical parameters were also positive After two years, an accep-
table occlusal stability is maintained by EA restorations, and the scores for marginal 
integrity and proximal contacts show no major deficiencies The mean number of 
occlusal contacts for molars with EA restorations, is in the same range as the num-
ber of occlusal contacts for cast crowns 
With regard to retention, no significant differences for the experimental variables 
could be detected in the results after two years It may be concluded that during the 
two years' follow-up, the effectiveness of the different retention methods is equal 
This is in accordance with the results of the laboratory tests on several retention 
methods Although statistically significant differences were detected in these labo-
ratory tests, it was assumed that all tested retention methods were strong enough to 
function clinically 
In the two-years' follow-up, 10 endodontic treatments were necessary It is known 
that major restorative work on vital teeth leads to pulp damage This biologic price 
paid by the vital pulp is also reported after crown treatment This finding necessita-
tes periodical radiographic examination of the apical regions of the teeth involved 
Moreover, it must lead to reserve with regard to the protection of weakened teeth 
with cast crowns soon after insertion of the EA restoration It may be concluded that 
for the first two years an EA restoration is for molars a vaible alternative to the much 
more costly cast restoration from the viewpoint of socio-economical aspects and 
dental treatment planning 
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There are a number of factors that limit the extent to which the results of the present 
study may be regarded as representative of the total population The most important 
of these factors is the operator selection 
All three operators belong to the staff of the Dental School In order to improve the 
representativeness of a clinical trial with regard to operator selection, a multi-center 
or multi-practice setting is advocated This would also be helpful to overcome the 
other representation problem, being the patient population Although it was the aim 
to select an ordinary population, the university setting of the trial may have jeopardi-
sed this goal 
In this clinical trial many measurements were made at different moments Until now, 
few influences of background variables could be detected due to the low preva-
lence of failures and negative clinical scores It may be assumed that longer time-
intervals after fabrication of the restorations will result in more failures and clinical 
deterioration Interim analyses after 4, 6 and 8 years, and a final analysis after 10 
years will probably produce significant influences of the background variables 
Reliable longitudinal data over extended time intervals are necessary for the deve-
lopment of the EA restoration concept and for the determination of a time limit after 
which fabrication of a cast crown will be indicated 
On the basis of the experience with this clinical trial so far, the following research 
and methodological recommendations can be given 
- In designing clinical trials the measurabihty of the clinical functioning should be 
determined in advance, thus possibly reducing the number of measurements 
- In order to reduce protocol deviations a rigid trial organisation and monitoring 
should be pursued 
- The relevance of clinical applied techniques should be supported by laboratory 
investigations 
The following clinical recommendations can be given on the basis of this study 
- During preliminary treatment, is amalgam a suitable material for the restoration 
of molars in which cusps have to be reconstructed 
- Careful evaluation of cusp strength and reducing weak cusps diminishes clinical 
failure 
- Both amalgam pins and amalgam slots are clinically acceptable retentive alter-
natives for self-threading pins in EA restorations 
- Endodontically treated molars may be initially restored to acceptable, clinical 
function with an amalgam core and an EA restoration 
- In the first two years of its clinical life, it is not indicated to protect an EA restora-
tion with a cast restoration to prevent fracture 
- After restonng a molar with an EA restoration a risk of pulpdamage exists, which 
would necessitate endodontic treatment Therefore, longer evaluation periods 
would be needed before cast crowns could be inserted 
Clinical trials are time consuming and costly, so both treatment protocol and their 
results have to be presented to the general practitioner The findings in this study 
may be of use in the general practice 
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Summary 
In this study an Extensive Amalgam restoration (EA restoration) is defined as a resto-
ration in which one or more cusps of a tooth are restored with amalgam Generally, 
auxiliary retention is necessary for these restorations. 
The investigations described in this book are aimed at the in vitro and in vivo perfor-
mance of EA restorations with different auxiliary retention methods. 
Chapter 1 is a general introduction to the position of amalgam restorations in treat-
ment planning. The properties and the biocompatibihty of the amalgam alloys are 
discussed The forces encountered in the oral cavity and on teeth with restorations 
are presented on the basis of a literature review The rationale for the indication of 
EA restorations and the various methods to increase the retention and resistance for 
amalgam restorations are described It is concluded that the application of these 
restorations should be restricted to the molars 
A short introduction to the problem fields associated with EA restorations is given 
The mam objective of the study is to investigate the clinical behaviour of EA restora-
tions in broken-down molars and to explore the influence of potentially important 
factors. The relevance of the study is based on both socio-economical and dental 
treatment planning considerations 
In chapter 2 the resistance of E A restorations with several retention methods in rela 
tion to compressive, oblique and shear forces is investigated. The influence of seve-
ral preparation designs on the oblique resistance is also investigated In order to 
detect if there are gross differences between the retention and preparation design, 
a laboratory setting is used It is concluded that there are significant differences 
However, all tested designs can withstand high forces, and clinical application of the 
tested designs is considered to be justified. 
In chapter 3 the tensile force exerted on extensive amalgam surfaces by sticky food 
is studied in vitro It is concluded that especially licorice produces high tensile for-
ces that may exceed the tensile resistance of EA restorations. A linear relationship 
exists between the tensile force and the total area of the amalgam restoration Next, 
the tensile resistance of EA restorations with several auxiliary retention methods is 
tested. The results indicate that there are significant differences, and that the resis-
tance of restorations, in which amalgam pins or solitary amalgam slots are the only 
retention features, could be inadequate. 
In chapter 4 the in vitro failure resistance of several restoration methods for endo-
dontically treated molars is investigated Significant mutual differences between the 
cast dowel and core and between the methods utilising composite resin and the 
methods utilising amalgam can be detected. All systems can resist forces of more 
147 
than 1000 Newton and it is expected that all investigated techniques are strong 
enough to function clinically 
In chapter 5 the occlusal stability of molars is investigated by means of an occlusal 
topographic contact method The method is tested on interobserver reliability The 
quality of the method may be considered to be 'substantial' (Kappa > 60%) Results 
of the method are calculated for intact first molars, first molars restored with amal-
gam and first molars restored with cast restorations An average mean score of 3 0, 
1 6 and 2 3 contacts respectively is found In a pilot study, using the occlusal topogra-
phic contact method to measure the occlusal stability of previously made EA resto-
rations, a mean score of 2 2 contacts is found Results of these studies can be used as 
a reference for the evaluation of restorative procedures with regard to occlusal sta-
bility 
In chapter 6 the design, materials and methods of the clinical study are outlined The 
aim of the clinical study is to describe the clinical functioning of EA restorations and 
which factors have an influence on this functioning The operational hypotheses are 
(1) the type of retention of the E A restoration has a long-term influence on its clinical 
functioning and (2) the operator inserting the EA restoration influences its clinical 
functioning 
The design of the randomised controlled clinical trial is described, and the experi-
mental and background variables are defined as well as the evaluation variables 
A detailed description of the trial organisation is given Attention is paid to the 
protocol, the trial size, the selection and characteristics of the patients and the ope-
rators, the treatment allocation, the treatment and measurement procedures and the 
data collection Finally, the follow-up and measurement design, the blindness of the 
trial, the measurement reproducibility, and the analysis and data processing are dis-
cussed 
In chapter 7 the technique and background of the operative procedures for fabrica-
ting EA restorations are described 
The reasons for fabricating the EA restorations in this trial are surveyed In 95% of 
the cases the EA restoration replaced a previous amalgam restoration 
Preliminary precautions and basic cavity preparation procedures are outlined The 
rationale for pulp protection in these extensive restorations is described The appli-
cation rules for the five different retention methods as well as the distribution of the 
retention methods according to restoration and operator are given There are signi-
ficant deviations in the number of retentive inserts and in the number of reconstruc-
ted cusps between the operators despite the use of a written consensus protocol It 
is concluded that the operator induced protocol deviations can influence the results 
of the study and that a close monitoring of the trial is necessary to reduce these 
deviations Finally, the matrix application technique, the condensation procedures, 
and carving and polishing methods are described 
In chapter 8 the treatment times for the fabrication of the EA restorations in this trial 
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are discussed The 269 restorations that had both proximal surfaces restored, are 
analysed An average total treatment time of 60 minutes is found The factor operator 
has a significant influence on all treatment phases resulting in a difference in total 
treatment time between operators of 26 per cent Significant influences are also 
found in some treatment phases for the factor retention, location of the tooth, and 
extension of the restoration Some adaptations of the treatment protocol are sugges-
ted which could shorten the total treatment time Reducing the extensive detailed 
carving of the occlusal surfaces, and abandoning the polishing could especially 
reduce the treatment time significantly 
In chapter 9 and 10 the two-year evaluation of the clinical trial is described 
In the evaluation a differentiation m 'absolute' and 'relative' failures is made Only 3 
absolute failures (EA restoration dislodged or removed) are encountered after two 
years (1%) When relative failures (endodontic treatment or marginal restoration 
necessary) are also taken into account, this percentage is 7 
Due to the low number of failures no significant influences from the experimental 
variables can be detected The clinical behaviour of the total sample group is analy-
sed by means of several measurement parameters The quality of these parameters, 
such as occlusal stability, marginal integrity, and proximal contact of the EA restora-
tions, are found to be satisfactory The opinion of the patients with regard to their EA 
restorations was investigated by means of an inquiry In general, there appears to 
be a positive attitude towards the EA concept 
At the follow-up after two years, 10 endodontic treatments were necessary The first 
surfaced only after one year This finding leads to a certain reserve with regard to 
the policy of protecting teeth by means of cast crowns soon after insertion of a large 
amalgam restoration 
It may be concluded that the results of the first interim analysis of the clinical functio-
ning of EA restorations are promising EA restorations probably may be considered 
an economical and socially acceptable option 
Finally, the limitations of this clinical trial are discussed, and some methodological, 
and clinical recommendations are given 
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Samenvatting 
Een Uitgebreide Amalgaamrestauratie (UA restauratie) is in deze studie gedefi-
nieerd als een restauratie waarbij één of meerdere knobbels van een element zijn 
opgebouwd met amalgaam In het algemeen is voor deze restauraties extra retentie 
nodig 
De onderzoeken zoals in dit boek beschreven, zijn gericht op het bestuderen van 
het in vitro en in vivo gedrag van UA restauraties met verschillende retentiemetho-
den 
Hoofdstuk 1 behelst een algemene inleiding over de plaats van amalgaamrestaura-
ties in de behandelplanning De materiaalkundige ontwikkelingen en de biocomp-
tabiliteit van amalgaam komen aan de orde De krachten die in de mond en op 
gebitselementen en restauraties optreden, werden op basis van een literatuurover-
zicht besproken De grondgedachte achter de indicatie van UA restauraties en de 
verschillende methoden om de retentie en resistentie te vergroten, worden 
beschreven Geconcludeerd wordt dat toepassing van UA restauraties beperkt 
dient te worden tot molaren 
Vervolgens wordt een korte inleiding over de probleemvelden die samenhangen 
met UA restauraties gegeven Het hoofddoel van de studie is het onderzoek naar het 
klinisch gedrag van UA restauraties in gemutileerde molaren en het onderzoeken 
van de invloed van een aantal potentieel belangrijke factoren De relevantie van de 
studie is zowel op sociaal-economische als behandelplanmatige overwegingen 
gebaseerd 
In hoofdstuk 2 wordt de resistentie van UA restauraties met verschillende retentie-
methoden tegen druk-, schuine- en schuifkrachten onderzocht Ook is de invloed 
van verschillende preparatie-ontwerpen op de resistentie tegen schuine krachten 
onderzocht Om te ontdekken of er grote verschillen zijn tussen de retentiemetho-
den en tussen de preparatie-ontwerpen wordt het onderzoek hiervoor in het labora-
torium uitgevoerd Alle onderzochte methoden en ontwerpen kunnen grote krach-
ten weerstaan Klinische toepassing van deze methoden en ontwerpen wordt hier-
mee als gerechtvaardigd beschouwd 
In hoofdstuk 3 worden de trekkrachten van kleverig voedsel op grote amalgaamop-
pervlakken m-vitro bestudeerd Met name drop geeft hoge trekkrachten welke de 
trekresistentie van UA restauraties te boven kan gaan Er is een lineaire relatie 
gevonden tussen de trekkracht en het totale amalgaamoppervlak daarna is de trek-
resistentie van UA restauraties met verschillende extra retentiemethoden onder-
zocht 
De resultaten geven aan dat er significante verschillen bestaan en dat de resistentie 
van restauraties met amalgaampinnen of solitaire amalgaamsloten als de enige 
retentiemethode, onvoldoende kan zijn 
151 
In hoofdstuk 4 is in vitro de faalweerstand onderzocht van verschillende restaura-
tieve methoden om endodontisch behandelde molaren te beschermen Significante 
verschillen bestaan tussen de gegoten stiftopbouw en methoden waarbij composiet 
werd toegepast en methoden waarbij amalgaam werd gebruikt Alle systemen kun-
nen echter krachten weerstaan van meer dan 1000 Newton en verwacht wordt dat 
alle geteste systemen voldoende sterk zijn om klinisch toegepast te worden 
In hoofdstuk 5 is de occlusale stabiliteit van molaren met een occlusale topografi-
sche contactmethode onderzocht De methode is getest voor interobserver 
betrouwbaarheid De kwaliteit van de methode mag als 'substantieel' (Kappa > 
60%) beschouwd worden De resultaten van de methode zijn berekend voor met-
gerestaureerde eerste molaren, eerste molaren gerestaureerd met amalgaam en 
eerste molaren gerestaureerd met gietstukken Een gemiddelde score van respec-
tievelijk 3 0, 1 6 en 2 3 contacten is gevonden In een pilot-studie wordt met gebruik-
making van deze methode de occlusale stabiliteit van reeds eerder vervaardigde 
UA restauraties beoordeeld Hier wordt een gemiddelde van 2 2 occlusale contac-
ten gevonden Het resultaat van deze studies kan als referentie gebruikt worden om 
restauratieve behandelingen te beoordelen met betrekking tot de occlusale stabili-
teit 
In hoofdstuk 6 worden het ontwerp, de materialen en methoden van de klinische 
studie gepresenteerd Het doel van de klinische studie is te beschrijven hoe UA 
restauraties klinisch functioneren en welke factoren dit functioneren beïnvloeden 
De werkhypotheses zijn (1) het retentietype van de UA restauraties heeft een duur-
zaam effect op het klinisch functioneren van de UA restauraties en (2) de operateur 
die de UA restauraties maakt, beïnvloedt het klinisch functioneren van de UA res-
tauraties 
Het ontwerp van de 'randomised controlled clinical trial' wordt beschreven waarbij 
zowel de experimentele en achtergrond-variabelen alsmede de evaluatie-variabe-
len worden gedefinieerd 
Een gedetailleerde weergave van de organisatie van de trial wordt gepresenteerd 
Daarbij is aandacht geschonken aan het protocol, de omvang van de trial, de selec-
tie en eigenschappen van zowel patiënten als operateurs, de behandeltoewijzing, 
de behandel- en meetprocedures en de dataverzameling Tot slot worden de fol-
low-up en het meetontwerp, de blindheid van de trial, de meetreproduceerbaar-
heid, de analyses en de dataverwerking besproken 
In hoofdstuk 7 komen de behandelprocedures en de achtergronden daarvan, zoals 
toegepast bij de vervaardiging van UA restauraties, aan de orde De redenen om de 
UA restauratie toe te passen, zijn geïnventariseerd In 95% van de gevallen was de 
UA restauratie een vervanging van een amalgaamrestauratie 
Voorafgaande voorzorgsmaatregelen en de basale caviteitspreparatie worden 
beschreven De achtergrond van pulpabescherming bij deze uitgebreide restaura-
ties komt aan de orde Daarnaast worden de voorwaarden, waaronder de vijf ver-
schillende retentiemethoden toegepast kunnen worden en de verdeling van de 
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retentiemethoden over de restauraties en operateurs, gegeven Ondanks de aan-
wezigheid van een geschreven overeenstemmingsprotocol blijken er tussen de 
operateurs significante verschillen te bestaan m het aantal toegepaste retentieplaat-
sen en het aantal opgebouwde knobbels Geconcludeerd wordt dat de door de 
operateurs veroorzaakte protocolafwijkingen de resultaten van de studie kunnen 
beïnvloeden en dat een nauwkeurige controle van de trial noodzakelijk is om deze 
afwijkingen te beperken Tot slot worden de matrixtechniek, de condenseerproce-
dure en de modelleer- en pohjstmethoden beschreven 
In hoofdstuk 8 worden de behandeltijden voor de vervaardiging van de UA restau-
raties in de trial besproken De 269 restauraties, waarvan beide approximate vlak-
ken gerestaureerd zijn, zijn geanalyseerd Er wordt een gemiddelde totale behan-
deltijd van 60 minuten gevonden De operateur had een significante invloed op alle 
behandelfasen, resulterend in een totaal verschil van 26% in behandeltijd tussen de 
operateurs Er worden ook significante verschillen in enkele behandelfasen voor de 
factor retentie, plaats van het element en omvang van de restauratie gevonden 
Enkele aanpassingen in het behandelprotocol worden voorgesteld die de behan-
deltijd kunnen verkorten Met name het niet tot in detail modelleren van het occlu-
sale vlak en hel achterwege laten van polijsten zouden de behandeltijd belangrijk 
kunnen verkorten 
Tot slot wordt in hoofdstuk 9 en 10 de 2 jaar evaluatie van de clinical trial beschre-
ven Bij de beoordeling wordt onderscheid gemaakt m 'absolute' en 'relatieve' mis-
lukkingen Slechts 3 absolute (UA restauraties los of verwijderd) mislukkingen zijn 
gedurende 2 jaar voorgekomen (1%) Indien relatieve (endodontische behandeling 
of randrestauratie noodzakelijk) mislukkingen mee worden geteld, komt dit percen-
tage op 7 Door het geringe aantal mislukkingen kunnen er geen significante invloe-
den van de experimentele variabelen worden vastgesteld 
Het klinisch gedrag van de gehele groep UA restauraties is geanalyseerd aan de 
hand van verschillende parameters De kwaliteit van deze parameters zoals occlu-
sale stabiliteit, randaansluiting en approximaal contact van de UA restauraties blijkt 
tevredenstellend te zijn 
De mening van de patiënten over de UA restauraties is met een enquête onder-
zocht In het algemeen is er een positieve houding ten opzichte van het UA concept 
Tijdens de 2 jaars evaluatieperiode waren 10 endodontische behandelingen nood-
zakelijk De eerste kwam pas na één jaar naar voren Deze bevinding dient tot 
terughoudendheid te leiden met betrekking tot de benadering om elementen kort 
na de vervaardiging van grote amalgaamrestauraties met gietstukken te bescher-
men 
Samenvattend kan geconcludeerd worden dat de resultaten van de eerste interim 
analyse naar het klinisch functioneren van UA restauraties gunstig zijn UA restaura-
ties kunnen zeer waarschijnlijk als een economisch en sociaal acceptabele oplos-
sing beschouwd worden 
Tot slot worden de beperkingen van deze clinical trial besproken en worden 
enkele methodologische en klinische aanbevelingen gedaan 
153 

References 
1 Abraham. J E, Svare, С W , Frank, С W 
The effect of dental amalgam restorations on blood mercury levels 
] Dent Res 63 71-73(1984) 
2 Advokaat.JGA 
Amalgaamrestauralies nader bekeken Een longitudinaal experimenteel kbnisch onderzoek Het res­
tauratieve proces 
Thesis, Amsterdam (1985) 
3 Agerberg G 
Signs and symptoms of mandibular dysfunction in patients with suspected oral galvanism 
Acta Odontol Scand 45 41 48(1987) 
4 Amamo, ] , Holloway, Ρ ] 
Principal requirements for controlled clinical trials of canes preventive agents and procedures Tech­
nical Report no 1 Third Edition, Commmision on Oral Health, Research and Epidemology 
Ini Dent] 32 292 310(1982) 
5 Anderson, J R Jr, Myers. G E 
Nature of contacts in centnc occlusion in 32 adults 
J Dent Res 50 7-13(1971) 
6 Antczdk, A A, Tang, J Chalmers Τ С 
Quality assessment of randomized control trials in dental research I Methods 
J Penodontol Res 21 305-314 ( ) 986) 
7 Antonson, D E, Soderholm, К J M , F'isclilschwcigcr, W 
Observation of amalgam margin defects and recurrent decay frequency 
JDenlRes62(AADRAbslr 1138) 295(1983) 
8 Arvidson К , Johansson, E G 
Galvanic currents between dental alloys in vitro 
Scand J Dent Res 93 467-473 (1985) 
9 Asmussen E Jargensen К D 
Fatigue strength of some resinous materials. 
Scand J Dent Res 90 76-79 (1982) 
10 Averette, D F, Marek, M 
The elfecl of tensile strain on corrosion of dental amalgam 
J Dent Res 62 842-845(1982) 
11 AxéU,T Nilner, К , Nilsson, В 
Clinical evaluation of patients referred with symptoms related to oral galvanism 
SwedDenl]7 169-178(1983) 
12 Bagheri, J, Chan, К С 
Reinforcement of weakened surrounding cavity walls with pina 
J Proslhel Dent 51 343-346 ( 1984) 
13 Bailey, J H 
Retention design for amalgam restorations, pins versus slots 
JDentRes67(IADRAbstr 1525) 303(1988) 
14 Bailit, H , Koslowsky, M , Grasso, J et al 
Quality of dental care development of standards 
J Am Dent Assoc 89 842-853 (1974) 
15 Barney, JI , Croll, Τ Ρ, Castaldi, С R 
The slot-retained complex amalgam restoration 
J Dent Child 51 184 189(1984) 
16 Bates, J F , Stafford G D Harrison, A 
Masticatory function - a review of the literature II Speed of movement of the mandible, rate of chewing 
and forces developed in chewing 
J Oral Rehabü 2 349 361 (1975) 
17 Bates, J F, Stafford, G D, Harrison, A 
Masticatory function a review of the literamre III Masticatory performance and efficiency 
] Oral Rehabü 3 57-67 (1976) 
155 
18 Battistuzzi, Ρ G, Eschen, S, Peer, Ρ G 
Contacts in maximal occlusion 
J Oral Rehabil 9 499-507(1982) 
19 Bauer, ] G, First, H A 
The toxicity of mercury in dental amalgam 
CDA] 10(6) 47-60(1982) 
20 Bayne, S С, Taylor, D F, Sturdevant, J R et al 
Identification of clinical wear factors 
J Dent Res 66 (IADR Abstr 604) 182(1987) 
21 Beck, D ], Bibby, В G 
A centrifugal technique of measuring food retention 
] Dent Res 40 148-160(1961) 
22 Bell, J G, Smith, M С, Pont de, J J 
Cuspal failures of MOD restored teeth 
Aust Dent ] 27 283-287 (1982) 
23 Bell, R M, Klein, S Ρ 
Management and evaluation of the effects of misclassification in a controlled clinical trial 
J Dent Res 63 731-734(1984) 
24 Ben-Amar, A, Liberman, R , Nordenberg, D et al 
The elfecl on marginal microleakage of using a combination of cavity varnish and calcium hydroxide 
intermediary bases - an in vitro study 
Quintessence Int 16 821-825 (1985) 
25 Ben-Amar, A, Liberman, R , Bar, D et al 
Marginal microleakage the effect of the number of cavity-vamLsh layers and the type of amalgam used 
Dent Mater 2 45-47(1986) 
26 Berg, L , Becker, W, Becker, Β E 
The use of index teeth to predict the health status of the balance of the mouth 
Ini ] Periodontics Restorative Dent 4 (2) 46-53 ( 1984) 
27 Bergenholtz, G, Nyman S 
Endodontic complications following periodontal and prosthetic treatment of patients with advanced 
periodontal disease 
J Penodontol 55 63-68(1984) 
28 Berry, Τ G, Laswell, H R , Osborne, J W et dl 
Width of isthmus and marginal failure of restorations of amalgam 
Oper Dent 6 55 58(1981) 
29 Birtcil R F , Venton, E A 
Extracoronal amalgam restorations utilizing available tooth structure for retention 
J Prosthet Dent 35 171-178(1976) 
30 Birtcil, R F 
The adjustment of occlusion and finishmq of amalgam restorations. 
Quintessence Int 11 43-50 (1980) 
31 Birtcil, R F 
Utilizing available tooth structure to retain large amalgam restorations In Baum, L (ed) Restorative 
techniques for individual teeth 
Massen Publishing USA, Ine, New York (1981) 
32 Birtcil, R F, Pelzner, R В , Stark, M M 
A 30-monlh clinical evaluation of the influence of finishing and size of restoration on the margin perfor­
mance of five amalgam alloys 
JDentRes60 1949-1956(1981) 
33 Black, G V 
Operative dentistry 
Medico-Dental Publishing Co, Chicago, 2 174-177 (1908) 
34 Blaser, Ρ К, Lund, M R , Cochran, M A et al 
Elfecls of designs of class 2 preparations on resistance of teeth to fracture 
Oper Denl8 6-10(1983) 
35 Boever, ] A de, McCall, W D, Holden, S et al 
Functional occlusal forces An investigation by telemetry 
] Prosthet Dent 40 326-333(1978) 
36 Borgmeyer, Ρ J, Advokaat, J G A, Akerboom, Η В M et al 
The influence of the use of a cavity varnish or a cavity liner on the marginal breakdown of amalgam res­
torations 
J Dent Res 61 (IADR Abstr 23) 567(1982) 
156 
37 Braly, В V , Maxwell, Ε Η 
Potential for tooth fracture in restorative dentistry 
] Prosthet Dent 45 411-414(1981) 
38 Brannstrom, M 
Communication between the oral cavity and the dental pulp associated with restorative treatment 
Oper Dent 9 37-68(1984) 
39 Brannstrom, M 
The cause of postrestorative sensitivity and its prevention 
JEndodl2 475-481(1986) 
40 Brown, D R, Barkmeier, W W, Anderson, R W 
Restoration of endodontically treated posterior teeth with amalgam 
J Prosthet Dent 41 40-44(1979) 
41 Brune, D, Hensten-Pettersen, Α.. Bellesbrekke, Η 
Exposure to mercury and silver during removal of amalgam restorations 
Scand ] Dent Res 88 460-463 (1980) 
42 Brune, D 
Corrosion of amalgams 
Scand] Dent Res89 506-514(1981) 
43 Bryant, R W 
The strength of fifteen amalgam alloys 
Aust Dent ] 24 244 252 (1979) 
44 Bryant, RW 
Marginal fracture of amalgam restorations A review Part 1 
Aust Dent J 26 162-166(1981) 
45 Bryant, RW 
Marginal fracture of amalgam restorations. A review Part 2 
Aust Dent J 26 222 224 (1981) 
46 Bryant, R W, Mahler, D В 
Modulus of elasticity in bending of composites and amalgams 
J Prosthet Dent 56 243 248 (1986) 
47 Buikema, D J, Mayhew, R В, Voss, J E et al 
Pins and their relation to cavity resistance form for amalgam 
Quintessence Int 16 187-190 (1985) 
48 Bulpitt, С J 
Randomised controlled clinical trials 
Martinus Nijhoff Publishers, The Hague (1983) 
49 Burrows, D 
Hypersensilivily to mercury, nickel and chronium in relation te denial materials 
lntDent]36 30-34(1986) 
50 Bulchart, D G M 
A new self-threading dentine pin 
Br Dent] 155 83-84(1983) 
51 Bulcharl, DGM 
The retention in dentine of wider pitch self-shearing dentine pins 
Br Dent J 162 21 23(1987) 
52 Caldwell, R С 
Adhesion of foods to teeth 
] Dent Res 41 821-832(1962) 
53 Caputo, A A, Slandlee, ] Ρ 
Pins and posts why, when and how 
Dent Clin North Am 20 299-311 (1976) 
54 Caputo A A , Standlee, J Ρ 
Biomechanics in clinical dentistry 
Quintessence Pubi, Chicago, ρ 123-150 (1987) 
55 Carlsson, G E 
Bite force and chewing efficiency 
Front Oral Physiol 1 265 292 (1974) 
56 Carlsson, G E, Egermark-Ericsson, I, Magnussen, Τ 
Intra and interobserver variation in functional examination of the masticatory system 
SwedDentJ4 187-194(1980) 
157 
57 Carlsson, G E Droulcas, В Ch 
Dental occlusion and the health of the masticatory system 
J Cramomand Pracl 2 141-147(1984) 
58 Catsakis, L H. Suhca, V 1 
Allergy to silver amalgams 
Oral Med Oral Path 46 371 375(1978) 
59 Cavel, W Th, Kelsey, W Ρ. Blankenau, R J 
An in vivo study of cuspal fracture 
J Prosthet Dent 53 38 42 (1985) 
60 Central Bureau of Statistics 
Compendium of health statistics in the Netherlands 
Ministry of Welfare, Health and Cultural Affairs, Staatsuitgeverij 's-Gravenhage (1986) 
61 Certosimo, A], House, R С, Anderson, M H et al 
Effect of cross-sectional area on transverse strength of amalgapin-retained restorations 
]DentRes67(IADRAbstr 1851) 344(1988) 
62 Chalmers, Τ С, Celano. Ρ, Sacks, Η S, Smith, Η 
Bias in treatment assignment in controlled clinical trials 
New Engl] Med 309 1358-1361 (1983) 
63 Chan, С -С, Chan, К С 
The retentive strength of slots with different width and depth versus pins. 
] Prosthet Dent 58 552-557 ( 1987) 
64 Chan, R W, Bryant. R W 
Post-core foundations for endodonlically treated postenor teeth 
] Prosthet Dent 48 401 406 (1982) 
65 Charbeneau, G Τ, Klausner, L H , Green, Τ G 
The placement and replacement of amalgam restorations A national survey 
JDenlRes6S(IADRAbstr 449) 219(1986) 
66 Chase, RH 
Is the amalgam filling safe' 
] Mich Dent Assoc 67 186-188 (1985) 
67 Christian, G W, Button, G L, Moon, PC et al 
Post core restoration m endodonlically treated posterior teeth 
JEndod7 182-185(1981) 
68 Clark, L L, Caughman, W F 
Restorative treatment for the cracked tooth 
Oper Dent 9 136-142(1984) 
69 Clemmer, В A, Barbano, J Ρ 
Reproducibility of periodontal scores in clinical trials 
] Periodont Res 9 suppl 14 118-128(1974) 
70 Cohen, J 
A coefficient of agreement for nominal scales 
Educ Psychol Meas 20 37-46 (1960) 
71 Collins, J F Heins, Ρ J, Fischlschweiger, W 
Perforations in human teeth with threaded retentive pms A scanning electron microscopy study 
] Prosthet Dent 52 334-338 (1984) 
72 Colman, H L 
Restoration of endodonlically treated teeth 
Dent Clin North Am 23 647 662 (1979) 
73 Colton, Τ 
Statistics in medicine 
Little, Brown and Co. Boston, ρ 179 ( 1974) 
74 Cooney,], P. Milla, RL 
Analysis of postenor occlusal surface visibility as a restorative consideration 
J Dent Res 63 (IADR Abstr 1027) 285 (1984) 
75 Council on dental materials, instruments and equipment 
Recommendations in dental mercury hygiene 
J Am Dent Assoc 109 617-619 ( 1984) 
76 Сох, С F, Bergenholtz, G, Heys, D R et al 
Pulp capping of the dental pulp mechanically exposed to oral microflora a 1-2 year observation of 
wound healing in the monkey 
J Oral Pathol 14 156-168 (1985) 
158 
77 Craig, R G 
Restorative dental materials 
С V Mosby Со , St Louis, ρ 60-104 (1980) 
78 Craig RG 
Biocompatibility of mercury derivatives 
Dent Maler 2 91-96(1986) 
79 Creugers, Ν Η ], Hof, M A van 't 
Treatmenl times for adhesive bridges 
J Oral Rehab 14 371-377(1987) 
80 Creugers, NHJ 
Clinical performance of adhesive bridges 
Thesis, Nijmegen (1987) 
81 Cvar. J F, Ryge, G 
Criteria for the clinical evaluation of dental restorative materials 
US Govt Printing Office, San Francisco publication No 790-244 (1971) 
82 Dahl, J E, Eriksen, H M 
Reasons for replacement of amalgam dental restorations 
Scand J Dent Res 86 404-407 (1978) 
83 Dahl, В L, Fleyslrand, F, Karlsen, К 
Pathologic attrition and maximal bite force 
J Oral Rehdbil 12 337-342 (1985) 
84 Dannheimer, M F G 
Pit-retention of extensive amalgam restorations Part II A five-year clinical survey 
] Dent Assoc S Afr 40 337-338 (1985) 
85 Davis, S Ρ Summilt, J В, Mayhew, R В et al 
Self-threading pins and amalgapins compared in resistance form for complex amalgam restorations 
Oper Dent 8 88-93(1983) 
86 Davis, E L, Laura, ] С, Joynt, R В, Wieczkowski Jr , G 
Determination of demand for posterior resin restorations 
J Prosthet Dent 59 242 248 (1988) 
87 Dawson, Ρ Ε, Arcan, M 
Attaining harmonic occlusion through visualised strain analysis 
] Prosthet Dent 46 615-622(1981) 
88 Dental Statistics Handbook 1984 
Bureau of Economic and Behavioural Research 
Am Dent Assoc, Chicago (1984) 
89 Dérand, Τ 
Marginal failure of amdlgam effect of alloy selection and bite forces 
SwedDentJ7 65-68(1983) 
90 Deutsch A S, Musikant В L, Cavallari J et al 
Prefabricated dowels a literature review 
] Prosthet Dent 49 498-503 (1983) 
91 Düley, D Η, Crisp. R M, Oldenburg, Τ R et al 
Time required for placement of alloy versus resin posterior restorations 
]DentRes64(IADRAbslr 1583) 350(1985) 
92 Dilts, W E, MuUaney, Τ Ρ 
Relationship of pinhole location and tooth morphology in pin retained silver amalgam restoration 
] Am Denl Assoc 76 1011-1015(1968) 
93 Dilts, W E, Coury, Th L 
A conservalive approach to the placement of retentive pins 
Dent Clin North Am 20 397-402 ( 1976) 
94 Dilts, W E , Duncanson, M G, Collard, E W et al 
Retention of self threading pins 
J Can Dent Assoc 47 119-120(1981) 
95 Doglia, R, Herr. Ρ, Holz, J el al 
Clinical evaluation of four amalgam alloys A five year report 
J Prosthet Denl 56 406-415, 1986 
96 Donovan, Τ E, Handlers, J Ρ 
A rational policy on the use of dental amalgam 
CDA] 12(2) 10 12(1984) 
159 
97 Draughn, R A 
Fatigue and fracture mechanics of composite resins In Posterior composite resin dental restorative 
materials 
Vanherle, G & Smith, D С (ed), 3M Comp, Si Paul, ρ 299 307 (1985) 
98 Duke, E S, Cochran, M A, Moore, BK et al 
Laboratory profiles of 30 high copper amalgam alloys 
J Am Dent Assoc 105 636-640 (1982) 
99 Durkowski, ] S, Pelleu, G В, Harris, R К et al 
Effect of diameters of self-threading pins and channel locations on enamel crazing 
Oper Dent 7 86-91(1982) 
100 Dijken, J W V van, Horstedt, Ρ 
Effect of the use of rubber dam versus cotton rolls on marginal adaptation of composite resin fillings to 
acid-etched enamel 
Acta Odontol Scand 45 303-308 (1987) 
101 Eakle, W S, Maxwell, Ε H, Braly, В V 
Fractures of posterior teeth in adults 
J Am Dent Assoc 112 215-218(1986) 
102 Eames.WB Solly, M J 
Five threaded pins compared for insertion and retention 
Oper Dent 5 66-71(1980) 
103 Ehrlich, ], Taicher, S 
Intercuspal contacts of the natural dentition in centric occlusion 
J Prosthet Dent 45 419-421(1981) 
104 El-Ebrashi, Μ К. Craig. R G, Peyton, F A 
Experimental stress analysis of dental restorations Part IV The concept of occlusal reduction and pins 
J Prosthet Dent 22 565-577 (1969) 
105 Elderton, R J 
Cavo-surface angles, amalgam margin angles and occlusal cavity preparations 
Br Dent] 156 319-324(1984) 
106 Eley, Β M, Cox, S W 
'Mercury poisoning' from dental amalgam - an evaluation of the evidence 
] Dent 16 90-95(1988) 
107 Engelberger, Th , Hefti, A , Kallenberger, A et al 
Correlations among Papilla Bleeding Index, other clinical indices and histologically determined indam-
malion of gingival papilla 
] Clm Penodontol 10 579-589(1983) 
108 Fan, PL 
Safety of amalgam 
CDA J 15(9) 34-36(1987) 
109 Fambunda, К В 
A method of measuring the volume of human dental pulp cavities. 
IntEndod]19 194-197(1986) 
110 Farah, J W, Clark, A E, Mohsein, M et al 
Effect of cement base thicknesses on MOD amalgam restorations 
] Dent Res 62 109-111(1983) 
111 Fayyad, M A, Ball, Ρ С 
Cavity sealing ability of lathe-cut. blend, and spherical amalgam alloys a laboratory study 
Oper Dent 9 86-93 (1984) 
112 Fayyad, M A, Ball, Ρ С 
Bacterial penetration around amalgam restorations 
J Prosthet Dent 57 571-574(1987) 
113 Fischer, WL 
Okklusale Zahnkontakte bei maximaler Interkuspidation in mit Airalgamfüllungen sanierten Gebiß 
Dissertation, Universität Zurich (1975) 
114 Fleiss, J L, Park, M H , Chulón, N W et al 
Representativeness of the 'Ramfjord teeth' for epidemiologic studies of gingivilis and periodontitis 
Community Dent Oral Epidemiol 15 221-224 (1987) 
160 
115 Freiman, ] A. Chalmers, Τ С , Smith, II Jr el al 
The importance of beta, the type II error and sample size in the design and interpretation of the rando­
mized control trial 
N Engl ] Med 299 690-694 (1978) 
116 Frencken,] 
Dental caries in a Tanzaman child population, a mrxed-longitudinal approach 
Thesis, Nijmegen (1988) 
117 Fujimoto, ] , Norman, R D, Dykema, R W et al 
A comparison of pin retained amalgam and composite resin cores 
I Prosthet Dent 39 512-519(1978) 
118 Fusayama, Τ 
Two layers of carious dentin diagnosis and treatment 
Oper Dent 4 63-70(1979) 
119 Galmdo.Y 
Stress-induced effects of retentive pins A review of the literature 
] Prosthet Dent 44 183-185 (1980) 
120 Carman, Th A, Hawkins, ΙК , Outhwaite, W С et al 
A clinical comparison of dentinal slot retention with metallic pin retention 
] Am Dent Assoc 107 762-763 (1983) 
121 Cher, Μ E , Dunlap, R M , Anderson, ΜΗ et al 
Clinical survey of fractured teeth 
] Am Dent Assoc 107 762-763(1983) 
122 Gibbs, С Η , Mahan, Ρ E, Lundeen, HC et al 
Occlusal forces during chewing and swallowing as measured by sound transmission 
J Prosthet Dent 46 443-449(1981) 
123 Qerdet, N R, Espevik. S 
In vitro corrosion of screwposts and amalgam placed in contact 
SwedDentJl 193-195(1977) 
124 Qerdet, N R, Hegdahl, Τ 
Porosity, strength, and mercury content of amalgam made by different dentists in their own practice 
Dent Mater 1 150-153(1985) 
125 Gladwin, S С, Krause, M A, Quagliotti, M S et al 
Early polishing of amalgam restorations a review 
Gen Dent 34 117-119(1986) 
126 Clantz, Ρ О, Nilner, К 
Root canal posts - some prosthodontic aspects 
Endod Dent Trauma tol 2 231 236(1986) 
127 Goerig, А С , MuenmghofI, L A 
Management of the endodontically treated tooth Part I Concept for restorative designs 
J Prosthet Dent 49 340-345(1983) 
128 Goerig, А С, MuemnghofT, L A 
Management of the endodontically treated tooth Partii Technique 
] Prosthet Dent 49 491-497(1983) 
129 Goldberg, A J 
High-copper-content amalgam alloys an up-to-date appraisal In Baum, l, (ed ) Restorative techni­
ques for individual teeth 
Masson Pubi USA Ine, New York, ρ 113-126 (1981) 
130 Goldstein, GR 
Comparison of four techniques for the cementation of posts. 
] Prosthet Dent 55 209-211 (1986) 
131 Gottlieb, E W, Dip, Η , Relief, D H et al 
Microleakage of conventional and high-copper amalgam restorations 
J Prosthet Dent 53 355-361 (1985) 
132 Gourley, JV 
Favourable locations for pins m molars 
Oper Dent 5 2-6(1980) 
133 Greenstein, G 
The role of bleeding upon probing in the diagnosis of penodontal disease A literature review 
] Penodonlol 55 684-688(1984) 
161 
134 Gross, M D. Mathews, J D 
Ideal occlusal requirements of restorations In Occlusion in restorative dentistry, technique and Iheory 
Churchill Livingstone, Edinburgh, ρ 3-83 (1982) 
135 Hadavi, F, Charbeneau, G Τ, CaíTesse, R G 
A study of gingival response to polished and unpolished amalgam restorations 
J Dent Res S9 (AADR Abstr 109) 295 ( 1980) 
136 Hadavi, F, Campos, M F, Morales, A F, Asgar, К 
Determination of carving times of different amalgam alloys by means of a new device 
J Dent Res 62 (AADR Abstr 26) 172(1983) 
137 Halperm, G С, Halperm, A R , Norling, В К 
Thickness, strength, and plastic deformation of occlusal registration strips 
J Proslh Dent 48 575-579 ( 1982) 
138 Halpem В G 
Restoration of endodontically treated teeth A conservative approach 
Dent Clin North Am 29 293-303(1985) 
139 Hamilton, J С, Moffa, ] Ρ, Ellison, J A et al 
Marginal fracture not a predictor of longevity for two dental amalgam alloys a ten year study 
J Prosthet Dent 50 200-202(1983) 
140 Hamilton, A I 
Longevity of amalgam restorations 
Oper Dent 9 81(1984) 
141 Haraldson, Τ 
Oral galvanism and mandibular dysfunction 
SwedDentJ9 129-133(1985) 
14?. Helkimo, E, Ingervall, В 
Bite force and functional state of (he masticatory system in young men 
SwedDent]2 167-175(1978) 
143 Hendriks, F H ], Lelzel, Η , Vrijhoef, M M A 
Cost benefit analysis of direct posterior restorations 
Community Dent Oral Epidemiol 13 256-259 (198S) 
144 Hendriks, F H] 
Posterior composite restorations. 
Thesis, Nijmegen (1985) 
145 Hoag, Ε Ρ, Dwyer, Th G 
A comparative evaluation of three post and core techniques 
J Prosthet Dent 47 177-181(1982) 
146 Hobdell, MH.Evans.SJW 
Quantitative measurements of dental services In Alfred, H (ed ) Assessment of the quality of dental 
care 
The London Hospital Medical College, University of London, ρ 123-170 (1977) 
147 Hochmann, Ν, Ehrlich, D M D 
Toolh contact location m intercuspal position 
Quintessence Int 18 193-196 ( 1987) 
148 Hof, MA van 't, Kowalski, С J 
Analysis of mixed-longitudinal data sets In Prahl-Andersen, В, Kowalski, С J, Heydendael, Ρ Η J M A 
mixed-longitudinal interdisciplinary study of growth and development 
Academic Press, New York, ρ 161 -172 ( 1979) 
149 Holland, RI 
Galvanic currents between gold and amalgam 
ScandJDentRes88 269-272(1980) 
150 Horowitz, HS 
In Formal discussion Clemmer, В A and Barbano, ] Ρ Reproducibility of periodontal scores m clinical 
trials 
J Periodontic Res 9 118-128(1974) 
151 Hugoson, A. 
Results obtained from patients referred for the investigation of complaints related lo oral galvanism 
SwedDentJIO 15-28(1986) 
152 Irvin, A W, Webb, E L, Holland, G A et al 
Photoelastic analysis of stress induced from insertion ot self-threading retentive pins 
J Prosthet Dent 53 310-316(1985) 
162 
153 Jacobsen, Ρ Η 
Biological and clinical testing of materials 
J Dent 15 266-268(1987) 
154 Jacobsen, Ρ Η , Robinson, Ρ В 
Basic techniques and materials for conservative dentistry 3 Restoration of the broken-down posterior 
tooth 
J Dent 9 101-108(1981) 
155 Jermann, PW 
Zahnkontakte bei maximaler Inlerkuspidaten 
Dissertation, Bern (1974) 
156 Johansson, В, Stenman, E, Bergman, M 
Clinical study of patients retened for investigation regarding so-called oral galvanism 
Scand J Dent Res 92 469 475 (1984) 
157 Johansson, В J 
Electrochemical action due to shortcircuiting of dental alloys An m vitro and in vivo study 
Swed Dent J, suppl 33 (1986) 
158 Johnson, J К, Schwartz, N L, Blackwell, R Τ 
Evaluation and restoration of endodontically treated posterior teeth 
J Am Dent Assoc 93 597-605(1976) 
159 Johnson. J К, Sakumura, J S 
Dowel form and tensile force 
J Prosthet Dent 40 645-649 (1978) 
160 Johnson, G H , Gordon G E, Bales, D J 
Postoperative sensivity associated with posterior composite and amalgam restorations 
Oper Dent 13 66-73(1988) 
161 Jontel!, M, Haraldson T, Persson, LO et al 
An oral and psychosocial examination of patients with presumed oral galvanism 
Swed Dent J 9 175-185(1985) 
162 Kane, J J, Burgess, J О, Summitt, J В 
Fracturo resistance of amalgam coronal-radicular restorations 
JDentRes67(IADRAbstr 1852) 344(1988) 
163 Kayser, A F, Battistuzzi, Ρ G Г С M Snoek, Ρ A et al 
The rationale for the indication and design of the MOD inlay 
Ausi Dent J 27 22-26(1982) 
164 Kayser, A F, Mentz, Τ С, Snoek, PA et al 
Application of pins in restoring vital teeth 
AustDentJ28 341-345(1983) 
165 Kayser, A F, Plasmans, Ρ J, Snoek, Ρ A 
Kronen- und Bruckenprolhetik.Behandlungsplanung, Indikation, Ausfuhrung 
Deutscher Arzte-Verlag, Köln (1985) 
166 Káyser A F, Leempoel, Ρ J В, Snoek, Ρ А 
The metal post and composite core combination 
JOralRehabU 3-11(1987) 
167 Kelleher, M O D , SetcheU, DJ 
An investigation of marking materials used in occlusal adjustment 
BrDentJISe 96-102(1984) 
168 Kelsey, W Ρ, Blankenau, R J, Gavel, W Th 
Evaluating the restoration of endodontically treated teeth 
Gen Dent 31 197-201(1983) 
169 Kern, S В , Fraunhofer J A von, Muemnghoff, L A 
An in vitro comparison of two dowel and core techniques for endodontically treated molars 
J Prosthet Dent 51 509-514(1984) 
170 Khera. S С, Chan, К. С, Rittman, В RJ 
Dentinal crazing and interpin distance 
J Prosthet Dent 40 538-543 ( 1978) 
171 Klausner, L Η , Charbeneau, G Τ 
Amalgam restorations A cross-sectional survey of placement and replacement 
J Mich Dent Assoc 67 249-252(1985) 
172 Klembaum, D G, Kupper, L L·, Morgenstern, Η 
Epidemiologic research Principles and quantitative methods 
Van Nostrand Remhold Company, New York (1982) 
163 
173 Lambert, R L, Scrabeck. J G, Robinson, Ρ В 
A study of TMS pin retention values 
Gen Dent 30 145-146(1982) 
174 Landis, J R, Koch, G G 
An application of hierarchical Kappa-type statistics in the assessment of majonty agreement 
Biometrics 33 363-374(1977) 
175 Lang, Ν Ρ, Joss, A. Orsanic, Th et al 
Bleeding on probing A predictor for the progression of periodontal disease' 
J Clin Penodontol 13 590-596 (1986) 
176 Langan, D С , Fan, Ρ L , Hoos, A A 
The use of mercury in dentistry a cnlical review of the recent literature 
J Am Dent Assoc 115 867-880 (1987) 
177 Larson, G H , Moyer, G N , McCoy, R В et al 
Effects on microleakage of intermixing intermediary bases and cavity varnish 
Oper Dent 4 51-55(1979) 
178 Larson. Τ Η , Saboti, D, Cooley, R et al 
A clinical study of marginal integrity and tarnish behaviour of three Cu-nch amalgam systems. 
J Oral Rehabil 6 61-66(1979) 
179 Laswell, H R , Welk, D A 
Rationale for designing cavity preparations 
Dent Clin North Am 29 241-249 (1985) 
180 Laurell, L , Lundgren, D 
A standardized programme for studying the occlusal force pattern during chewing and bitmg in pros-
thetically restored dentitions 
J Oral Rehabil 11 39-44 (1984) 
181 Leach, С D, Martmoff, J.T, Lee, С V 
A second look at the amalgapin technique 
CDA] 11 (4) 43 49(1983) 
182 Leempoel, PJB 
Levensduur en nabehandelingen van kronen en conventionele bruggen in de algemene praktijk 
Thesis. Nijmegen (1987) 
183 Leinfelder, К F 
Clinical evaluation of high-copper amalgam 
Gen Dent 31 105-109(1983) 
184 Leinfelder, К F , Mjor, I A 
Clinical evaluations In Mjor, I.A (ed ) Dental Materials Biological properties and clinical evaluations. 
CRC Press, Boca Raton, ρ 69-92 (1985) 
185 Leinfelder, К F , O'Neal, S ] , Muemnqhoff, L A 
Use of Ca(OH)2 for measuring microleakage 
Dent Mater 2 121-124(1986) 
186 Leilao, ] 
Relief formation in polished amalgam surfaces 
Acta Odontol Scand 42 345-349(1984) 
187 Lervik, Τ, Riordan, Ρ J, Haugejorden, О 
Periodontal disease and approximal overhangs on amalgam restorations in Norwegian 21-years-olds 
Community Dent Oral Epidemiol 12 264 268 (1984) 
188 Letzel, H , Vnjhoef, M M A 
Polishing procedure vs clinical behaviour of amalgam restorations 
JDenlRes61(IADRAbstr 22) 567(1982) 
189 Letzel H 
Eindrapport Amalgaamproject 
Katholieke Universiteit, Nijmegen/Vrije Universiteit, Amsterdam (1984) 
190 Letzel, H, Vnjhoef, M M A 
The influence of polishing on the marginal integrity of amalgam restorations 
] Oral Rehabil 11 89-94 (1984) 
191. Letzel, Η, Vnjhoef, M M A 
Long-term influences on marginal fractures of amalgam restorations 
JOral Rehabil 11 95-101 (1984) 
192 Letzel, H , Borgmeyer, Ρ J, Hof, M A van 't 
The quality of assessment methods for behaviour characteristics of amalgam restorations 
JDenlRes65(IADRAbstr 639) 797(1986) 
164 
193 Letzel, H . Hof, M A van '1. Vrijhoef, M M A 
The influence of the condensation instrument on the clinical behaviour of amalgam restorations 
J Oral Rehabü M 133-138(1987) 
194 Letzel, H, Hof, M A van 't, Vrijhoef, M M A et al 
A controlled clinical study on amalgam restorations Part 1 Survival, failures and causes of failure 
Dent Mater submitted 1988 
195 Liatukas. E L, Ridgley, G V 
Behavior evaluation of low strength base under amalgam restorations (An in vitro study) 
J Dent Res 67 (IADR Abstr 1857)315(1988) 
196 Liberman, R , Eli, I, Judes, H et al 
The recording and analysis of occlusal contacts A comparison of conventional techniques and a new 
dye-coated occlusion wafer 
Quintessence Int 3 217-220(1985) 
197 Liberman R, Judes, Η, Cohen, E, Eh, I 
Restoration of posterior pulpless teeth Amalgam overlay versus cast gold onlay restoration 
JProsthelDenl57 540-543(1987) 
198 Linde, L A 
The use of composites as core material in root-filled teeth I In vitro study 
SwedDentJ7 205-214(1983) 
199 Linde, L A 
The use of composites as core material m root-filled teeth II Clinical investigation 
Swed Dent J 8 209-216 (1984) 
200 Lundgren, D , Laurell L 
Occlusal forces in prosthetically restored dentitions a methodological study 
] Oral Rehabil 11 29-37 (1984) 
201 Mackert, JR 
Factors affecting estimation of dental amalgam mercury exposure from measurements of mercury 
vapor levels in inlra-oral and expired air 
J Dent Res 66 1775-1780 ( 1987) 
202 Mahler, D В, Marantz, R 
The effect of the operator on the clinical performance of amalgam 
] Am Dent Assoc 99 38-41 (1979) 
203 Mahler, DB, Marantz, R.L 
Marginal fracture of amalgam effect of type of tooth and restoration class and size 
J Dent Res 59 1497-1500(1980) 
204 Mahler, D В , Nelson, L W 
Factors affecting the marginal leakage of amalgam 
J Am Dent Assoc 108 51-54(1984) 
205 Mahler, D В , Engle, J H, Bryant R W 
Standardizing evaluations of the clinical marginal fracture of amalgam 
JDentRes6S 1108-1111(1986) 
206 Marek, M 
Accelaration of corrosion of dental amalgam by abrasion 
JDentRes63 1010-1013(1984) 
207 Marshall Jr , G W, Marshall S J, Letzel H et al 
Microstructures of Cu-rich amalgam restorations with moderate clinical deterioration 
Dent Mater 3 135-143(1987) 
208 Martin, DM, GlynJones, ]С 
The relationship of endodontic procedures to the coronal restoration 
Rest Denti 10-16(1984) 
209 Maryniuk, G A, Kaplan, S H 
Longevity of restorations survey results of dentist's estimates and attitudes 
J Am Dent Assoc 112 39-44 (1986) 
210 Maryniuk. G A 
Variability of amalgam replacement decisions and their impact on cost 
J Dent Res 67 (IADR Abstr 1946) 356(1988) 
211 Maxwell, Ε H , Braly, В V 
Incomplete tooth fracture - Prediction and prevention. 
CDAJS(IO) 51-55(1977) 
165 
212 Mayhew, R В, Schmeltzer, L D , Pierson, W Ρ 
Effect of polishing on the marginal integrity of high-copper amalgams 
Oper Dent 11 8-13(1986) 
213 McPherson, К 
Statistics The problem of examining accumulating data more than once 
N Eng J Med 290 501-502(1974) 
214 Mortz, К A Jr , Parker, M W , Pelleu, G В Jr 
Shear strength of two coronal radicular amalgams and a pm-retamed amalgam 
JDentRes66(IADRAbstr 1458) 289(1987) 
215 Meyer, A 
Proposed criteria for matrices 
J Can Dent Assoc 11 851 853(1987) 
216 Mezger, Ρ R, Hof, M A van't, I.etzel, H et al 
Methodological aspects in clinical evaluation of cast restorations with colour slides 
J Oral Rehabil 12 435-442 (1985) 
217 Michehch, R, Dillard, F , Nayyai, A 
Mechanical properties of amalgam buildups for endodontically treated molars 
] Dent Res 59 (AADR Abstr 455) 381(1980) 
218 Millstein, Ph L 
A method to determine occlusal contact and noncontact areas Preliminary report 
] Prosthet Dent 52 106-110(1984) 
219 M]or, I A , Espevik, S 
Assessment of variables in clinical studies of amalgam restorations 
] Dent Res 59 1511-1515(1980) 
220 Mjor, lA .Ryge, G 
Comparison of techniques for the evaluation of marginal adaptation of amalgam restorations 
IntDentJSl 1-5(1981) 
221 Mjor, I A , Smith, D С 
Detailed evaluation of six class 2 amalgam restorations 
Oper Dent 10 17-21(1985) 
222 Mjor, I A 
Frequency of secondary c a n e s at various anatomical locations 
Oper Dent 10 88-92(1985) 
223 Mjor, I A 
Clinical assessments of amalgam restorations 
Oper Dent 11 55-62(1986) 
224 Mjor, 1A 
The safe and effective use of dental amalgam 
Int Dent J 37 147-151(1987) 
225 Molvar, Μ Ρ , Charbeneau, G Τ, Carpenter, Κ E et al 
Quality assessment of amalgam and inlay restorations on postenor teeth A retrospective study 
J Prosthet Dent 54 5-9(1985) 
226 Monn, D 
F.xperimenlal and finite element stress analysis of restored tooth 
J Dent Res 65 (IADR Abstr 1320) 316 (1986) 
227 Mozer, J E, Watson, R W 
The pm-retained amalgam 
Oper Dent 4 149-155(1979) 
228 Muhlemann, H R, Son, S 
Gingival sulcus bleeding - a leading symptom in initial gingivitis 
Helv Odont Acta 15 107-113(1971) 
229 Murray, G A, Yates, J L , Williams, ] I 
Effect of four cavity varnishes and a fluoride solution on microleakage of dental amalgam restorations 
Oper Dent 8 148-151(1983) 
230 Nayyar, A . Walton, R E , Leonard, L A. 
An amalgam coronal-radicular dowel and core technique for endodontically treated posterior teeth 
J Prosthet Dent 43 511-515(1980) 
231 Newitter, D A, Schltìsel, E R 
Retentive pins current state of the art for the general practitioner In Baum, L Restorative techniques 
for individual teeth 
Masson Publishing USA, Ine , New York (1981) 
166 
232 Newsome, Ρ R H, Youngson, С С 
Complications of pin placement A survey of 429 cases 
Br Dent J163 375-378(1987) 
233 Nijland, G 
Computersimulaliemodel Interne gegevens onderzoeklijn gezondheidszorg 
Instituut Conserverende Tandheelkunde voor Volwassenen, Katholieke Universiteit, Nijmegen (1984) 
234 Nilner, К 
Studies of electrochemical action in the oral cavity 
SwedDentJ, suppl 9(1981) 
235 O'Brien, W J Greener E , Mahler D В 
Dental amalgam In Restorative denial materials An Overview 
Reese ] A, Valega, Τ M (ed ) Quintessence, London (1985) 
236 Oliva, RA 
Clinical evaluation of a new crown and fixed partial denture remover 
J Prosthet Dent 44 267-269(1980) 
237 Oliva, R A, Lowe, ] A 
Dimensional stability of silver amalgam and composite used as core materials 
J Prosthet Dent 57 554-359(1987) 
238 Omar, S M, McEwen, ] D. Ogston, S A 
A test for occlusal function 
BrJOrthodH 85-90(1987) 
239 Orlon, D A, Reddy, J, Bradshaw, D 
The relationship of the position of crown margins to gingival health 
J Prosthet Dent 57 421 424 (1987) 
240 Osborne, J W, Phillips R W Gale, Ε N et αϊ 
Three-year clinical comparison of three amalgam alloy types emphasizing on appraisal of the evalua­
tion methods used 
J Am Dent Assoc 93 784 789 (1976) 
241 Osborne, J W, Binon, Ρ Ρ, Gale, Ε Ν 
Dental amalgam clinical behaviour up to eight years 
Gen Dent 28 (4) 22-25(1980) 
242 Osborne, ] W , Leinfelder К F, Gale, E N el al 
Two independent evaluations of ten amalgam alloys. 
] Prosthet Dent 43 622 626 (1980) 
243 Osborne, J W, Gale, Ε N 
Failure at Ihe margin of amalgams as affected by cavity width, tooth position, and alloy selection 
J Dent Res 60 681-685(1981) 
244 Oulhwaite, W С, Carman, Th A, Pashley, D Η 
Pins vs slot retention in extensive amalgam restorations. 
J Prosthet Dent 41 396-400 (1979) 
245 Oulhwaite, W С, Twiggs, S W Fairhurst, С W et al 
Slots vs pins a comparison of retention under simulated chewing stresses 
J Dent Res 61 400-402(1982) 
246 Owen, С Ρ 
Retention and resistance in preparations for extracoronal restorations Part II Practical and clinical stu­
dies 
J Prosthet Dent 56 148-153 (1986) 
247 Palaghias, G 
Oral corrosion and corrosion inhibition processes An m vitro study 
Swed Dent J, suppl 30 (1985) 
248 Pameyer, С H, Glanlz, P-O, Mobasherat. Μ. Α. 
On clinical corrosion of pins 
SwedDentJ? 161-167(1983) 
249 Patterson, ] E, Weissberg, Β G, Dermison, Ρ J 
Mercury in human breath from dental amalgams 
Bull Environ Contam Toxicol 34 459-468 (1985) 
250 Peters, M С R В, Poort, HW.Farah.JW étal 
Stress analysis of a tooth restored with a post and core 
J Dent Res 62 760-763(1983) 
167 
251 Peto R , Pike, M С, Armitage, Ρ et al 
Design and analysis of randomized clinical trials requiring prolonged observation of each patient 
Br J Cancer 35 1-39(1977) 
25?. Pipemo, S, Barouch. E, Hirsch, S M et al 
Thermal discomfort of teeth related to presence or absence of cement bases under amalgam restera 
lions 
Oper Dent 7 92-96(1982) 
253 Plasmans, Ρ ] J M , Vermeulen, A H В M, Jonge, Β A de 
De uitgebreide amalgaamrestauratie en zijn relentiemogelijkheden 
Ned Tijdschr Tandheelkd 92 439-443(1985) 
254 Plasschaert A] M Trum, GJ 
De toekomst van de tandheelkunde, mondjesmaaf In De toekomst van de tandheelkunde Davidson 
С L (ed ) Bohn, Scheltema & Holkema, Utrecht/Antwerpen, (1983) 
255 Pocock, SJ 
Clinical trials. A practical approach 
John Wiley & Sons, Chichester (1983) 
256 Port, M, MarshaU, G W 
Characteristics of amalgam restorations with variable clinical appearance 
J Am Dent Assoc 110 491-495(1985) 
257 Porter, К H , Marshall, Τ D, Re, G J 
A cost-effective restoration 
Oper Dent 13 94-95(1988) 
258 Ramflord, SP 
Indices for prevalence and incidence of periodontal disease 
J Periodonlol 30 S1 -59 ( 1959) 
259 Ramflord, S, Ash, M M 
Occlusion, 3rd ed 
WB Saunders Company, Philadelphia, ρ 128-174(1983) 
260 Re,GJ,Norlmg, В К 
Fracturing molars with axial forces. 
JDontRes60 805-808(1981) 
261 Re, G J, Norbng, В К, Draheim, R Ν 
Fracture strength of molars containing three surface amalgam restorations 
J ProsthetDent47 185-187(1982) 
262 Reel D С, Lyon, H L Mitchell, R J 
Fracture resistance of amalgam restorations placed over various basing agents 
Contili Educ Dent 8 282 286 (1986) 
263 Reese, S В, Warfield, D Marek M 
In vivo corrosion of dental amalgam 
JDentRes62(IADRAbstr 180) 189(1983) 
264 Reinhardt J W Chan, К С Schülern, Th M 
Mercury vaporization during amalgam removal 
J Prosthet Dent 50 62-64 ( 1983) 
265 Renggh, H H 
Auswirkungen subgingivaler approximaler Fullungsrander auf der Entzundungsgrad der benachbar-
ten Gingiva 
Dissertation, Zurich (1974) 
266 Reppel, Ρ D 
Untersuchung über die Retention parapulparer Schrauben 
Dtsch Zahnarzt! Ζ 39 206-211 (1984) 
267 Richards, J M , Warren, Ρ J 
Mercury vapour released during the removal of old amalgam restorations 
Br Dent J159 231 232(1985) 
268 Ruse, С 
A clinical study of the number of occlusal tooth contacts in the mtercuspal position at light and hard 
pressure in adults 
J Oral Rehdbil 9 469 477 (1982) 
269 Riise С Ericsson, S G 
A clinical study of the distribution of occlusal tooth contacts in the mtercuspal position at light and hard 
pressure in adults 
J Oral Rehabil 10 473-480(1983) 
168 
270 Ringqvist, M 
Isometric bite force and its relation to dimensions of the facial skeleton 
Acta Odontol Scand 31 3S-42 ( 1973) 
271 Robbins.]W 
The placement of bases beneath amalgam restorations review of literature and recommendations for 
use 
] Am Dent Assoc 113 910 912 (1986) 
272 Robbnis, J W, Summitt, J В 
Longevity of complex amalgam restorations 
Oper Dent 13 54-57(1988) 
273 Roberts, D В 
A philosphy for the restoration of the nonvital multirooted tooth In Baum, L (ed ) Restorative techni­
ques for individual teeth 
Masson Publishing USA, Ine, New York (1981) 
274 Roddy, W С, Blank, L W, Rupp, N W et al 
Channel depth and diameter Effects on transverse strength of amalgapm-retained restorations 
Oper Dent 12 2-9(1987) 
275 Ross, IF 
Fracture susceptibility of endodontically treated teeth 
JEndod6 560-565(1980) 
276 Rydinge, E, Goldberg, J, Sanchez, L et al 
Clinical evaluation of high copper amalgam restorations 
J Oral Rehabil 8 465-472 ( 1981 ) 
277 Ryge, G. Snyder. M 
Evaluating the clinical quality of restorations 
J Am Dent Assoc 87 369 377 (1973) 
278 Ryge, G 
Clinical entena 
Int Dent J 30 347 358(1980) 
279 Ryge, G, Jendresen, M, Glantz, P-O et al 
Standardization of clinical investigators for studies of restorative materials 
SwedDentJS 235-239(1981) 
280 Salis, S, Hood, ] AA, Stokes, A N S et al 
Impact fracture of natural teeth 
J Dent Res 64 (IADR Abstr 16) 651 (1985) 
281 Salis, SG, Hood, J A A, Stokes, ANS elal 
Patterns of indirect fracture in intact and restored human premolar teeth 
Endod Dent Traumatol 3 10-14 (1987) 
282 Saxer, U Ρ, Tuicom, В, Elsasser, Ch 
Patient motivation with the Papillary Bleeding Index 
JPrevDent4 20 22(1977) 
283 Schaffer, SP 
Corrosion behavior of dental retention pins. 
] Dent Res 67 (IADR Abstr 1858) 345(1988) 
284 Scharer, Ρ 
Fallanalyse und Planung funktionelle Aspekte 
Schweiz Mschr Zahnheilk 88 944-952(1978) 
285 Schelb, E, Kaiser, D A. Brukl, С E 
Thickness and marking characteristics of occlusal registration stnps 
J Prosthet Dent 54 122 126(1985) 
286 Schlissel, E S, Hmelo, AB Bilello, J С et al 
The allure of self-threading retentive pins under tensile load 
] Dent Res 58 2105-2108(1979) 
287 Seng, G F, Rupell, О L·, Nance, GL et al 
Placement of retentive amalgam inserts in tooth structure for supplemental retention 
Gen Dent 28 (6) 62-66(1980) 
288 Sharkey, Ρ, Boyle, D K., Orchardson, R et al 
Jaw opening forces m human subjects 
Br Dent] 156 89-92(1984) 
169 
2Θ9 ShaveU, HM 
The amalgapin technique for complex amalgam restorations 
CDA J 8 (4) 48-55(1980) 
290 Shavell, HM 
Updating the amalgapin technique for complex amalgam restorations 
Int J Periodontics Restorative Dent 6 22 35 (1986) 
291 ShiUingbuig, Η Τ, Hobo, S, Whitsett, L D 
Principles of preparations In Fundamentals of fixed prosthodontics 
Quintessenz, Berlin, p. 67 83 (1976) 
292 Shillingburg, Η Τ, Kessler, J С 
Principles of restoration of endodonücany treated teeth In Restoration of the endodontically treated 
tooth 
Quintessence, Chicago, ρ 13 44(1982) 
293 Shillingburg, Η Τ Kessler, J С 
Amalgam pin core In Restoration of the endodontically treated tooth. 
Quintessence, Chicago, ρ 313-338(1982) 
294 Shillingburg, Η Τ, Jacobi, R, Düts, W E 
Preparing severely damaged teeth 
CDAJ11(3) 85-91(1983) 
295 Shillingburg, Η Τ, Jacobi, R, Bracket!, S E 
Preparation modifications for damaged vital posterior teeth 
Dent a m North Am 29 305-326(1985) 
296 Silva, M, Messer L В Douglas, W et al 
Base-vamish interactions around amalgam restorations. Spectrophotometric and microscopic assess­
ment of leakage 
Aust Dent J 30 89-95 (1985) 
297 Silvestri, A R Jr, Cohen, S N , Wetz, ] H 
Character and frequency of discomfort immediately following restorative procedures. 
J Am Dent Assoc 95 85-89 ( 1977) 
298 Silvestri, A.R Jr, Singh, I 
Treatment rationale of fractured posterior teeth 
J Am Dent Assoc 97 806-810 ( 1978) 
299 Smales, R J 
Evaluation of clinical methods for assessing restorations 
J Prosthet Dent 49 67-70(1983) 
300 Smales, R J, Creaven, Ρ J 
Evaluation of three clinical methods for assessing amalgam and resin restorations 
J Prosthet Dent 54 340-346 (1985) 
301 Smales, R J Fenton, R A 
Immediate-polished and as-carved Tytin restorations after three years 
J Dent 13 79 83(1985) 
302 Sneed, W D, Hembree J Η Welsh E L 
Effectiveness of three cavity varnishes in reducing leakage of a high-copper amalgam 
Oper Dent 9 32-34(1984) 
303 Sorensen, J A, Martmoff J Τ 
Intracoronal remforcement and coronal coverage A study of endodontically treated teeth. 
J Prosthet Dent 51 780-784(1984) 
304 Sorensen, J A, Martmoff J Τ 
Endodontically treated teeth as abutments 
J Prosthet Dent S3 631 -636 (1985) 
305 Spiermgs, Th Α., TheSikTiioe, G 
Hel gebruik van parapulpaire pinnen 
NedTijdschrTdndheelkd89 191-198(1982) 
306 Spierings, Th A M, Peters, M С R В, Bosman, ¥ el al 
The influence of cavity geometry on heat transmission in restored teeth 
J Dent 14 47 51(1986) 
307 Stamm, J W 
Types of clinical canes studies Epidemiological survey, randomized clinical trials, and demonstration 
programs 
J Dent Res 63 701 -707 ( 1984) 
170 
308 Standlee. ] Ρ. Caputo, АЛ, Holcomb, J et al 
The retentive and stress distributing properties of a threaded endodontic dowel 
J Prosthet Dent 44 398-404 (1980) 
309 Stanford J W, Ryge, G 
Recommendations for chracal research protocols for dental materials 
Federation Dentaire Internationale, Commission on Dental Products 
Int Dent J 32 403 423(1982) 
310 Steenberghe, D van, Vnes, J H de 
The development of a maximal clenching force between two antagonistic teeth 
J Penodont Res 13 91 97 (1978) 
311 Straflbn, LH Dennison J В Asgar К et al 
A clinical evaluation of polished and unpolished amalgams 36-month results 
Pediatr Dent 6 220-225 (1984) 
312 Stiaffon, L H , More, F G, Dennison, J В 
Three year clinical evaluation of sealant applied under rubber dam isolation 
JDentRes63(IADRAbstr 400) 215(1984) 
313 Sturmans, F 
Epidemiologie Theorie, methoden en toepassing 
Dekker & Van de Vegt, Nijmegen (1986) 
314 Svare, CW Peterson L С, Reinhardt, J W et al 
The effect of dental amalgams on mercury levels in expired air 
J Dent Res 60 1668-1671(1981) 
315 Theuns H M 
Betrouwbaarheid van een methode voor epidemiologisch onderzoek naar parodonlale aandoeningen 
Ned Tijdschr Tandheelkd 84 421 426(1977) 
316 Trdbert, КС Caputo AA.Collard EW et al 
Stress transfer to the dental pulp by retentive pins 
] Prosthet Dent 30 808 815 ( 1973) 
317 Trope, M Malt?, DO Tronslad L 
Resistance to fracture of restored endodontically treated teeth 
Endod Dent Traumalol 1 108-111 (1985) 
318 Truin G J Durgersdijk RCW Groeneveld, A et al 
Landelijk Epidemiologisch Onderzoek Tandheelkunde Deel II Resultaten klinisch onderzoek 
Subfaculteit Tandheelkunde, Nederlands Instituut voor Praevenlieve Gezondheidszorg Nijmegen/Lei 
den (1988) 
319 Veldkamp, D F 
Het verwijderen van caneus dentine 
Ned Tijdschr Tandheelkd 89 15-21 (1982) 
320 Veling S H ] Wennmacker, J L M 
NYLDAS-User's manual 
ISG Publication nr 5, Nijmegen (1983) 
321 Verdonschot, E11A M Plasmans, Ρ JΙM 
Operative procedures prior to reconstructive therapy 
Quintessence Int 19 469-475(1988) 
322 Vernon, С, Hildebrand, H F Martin Ρ 
Amalgames dentaires et allergie 
J Biol Buccale 14 83 100(1986) 
323 Vreeburg, К J J 
Slotwoord In Kwikbelasting in de Nederlandse tandartspraktijk 
Ed Rossum, G M ] M van, Vnjhoef, M. M A 
Ned Maatsch tot Bevordering Tandheelkunde, Nieuwegein (1987) 
324 VnjhoeC M M A, Setcos, J С. Masutam, S et al 
Laboratory characterization of some new amalgams 
J Dent Res 63 (IADR Abslr 62) 177 (1984) 
325 Wastell, DG 
Guidelines on the use and presentation of statistical methods 
J Dent 15 2-5(1987) 
171 
326 Watts. D С, El Mowafy. Ο M, Grant, A A 
Fracture resistance of lower molars with Class 1 composite and amalgam restorations 
Dent Mater 3 261 -264 ( 1987) 
327 Welk. D Α., Dilts. W E 
Influence of pins on the compressive and transverse strength of dental amalgam and retention of pins in 
amalgam 
] Am Dent Assoc 78 101-104(1969) 
328 White, IR, Smith, В G 
Dental amalgam dermatitis 
Br Dent J 156 259-260(1984) 
329 Williams, К R, Edmundson, J Τ, Rees, J S 
Finite element stress analysis of restored teeth 
Dent Mater 3 200-206(1987) 
330 Wirz, ] , Jolmer, M , Pohler, О 
Korrosionsverhalten verschiedener Schrauben und Stifte im Wurzelkanal 
Schweiz Mschr Zahnheük 90 217-242(1980) 
331 Wirz,] 
Amalgamaulbauten im Seitenzahngebiet - Eine neue Methode fur ein altes Problem 
Schweiz Mschr Zahnheük 91 368-386(1981) 
332 Woda, ] , Vigneron, Ρ, Kay, D 
Nonfunctional and functional occlusal contacts A review of the literature 
J Prosthet Dent 42 335-341 (1979) 
333 Wolff, M S, Osborne, ] W 
Blood mercury levels of patients with and without dental amalgams 
JDentRes67(IADRAbstr 904) 226(1988) 
334 Wright, W, Mazer, R M , Leinfelder, К F et al 
Effect of cavity varnish on the clinical microleakage of amalgam 
JDentRes67(IADRAbstr 1561) 308(1988) 
335 Yates. J L, Murray, G Α., Hembree, J Η 
Cavity varnishes applied over insulating bases effect on microleakage 
Oper Dent 5 43-46(1980) 
336 Yontchev, E A 
Studies of individuals with orofacial discomfort complaints 
Swed Dent J, suppl 38 (1986) 
337 Yule, В F 
Need and decision making in dentistry - an economic perspective 
Int Dent J 34 219-223(1984) 
338 Ziebert, G J, Donegan, S J 
Tooth contacts and stability before and after occlusal adjustment 
J Prosth Dent 42 276-281(1979) 
172 
Curriculum vitae 
Paul J.J.M. Plasmans. 
Geboren 19 februari 1952 te Venlo 
De HBS-B opleiding op het Carolus Borromeus College te Helmond en het St Jansly-
ceum te 's-Hertogenbosch afgesloten in 1971. 
Van september 1971 tot juli 1977 studie Tandheelkunde te Nijmegen. 
Vanaf september 1977 werkzaam op de subvakgroep Occlusie-opbouw van de Sub-
faculteit Tandheelkunde te Nijmegen (hoofd. Prof. Dr A F Káyser) 
Vanaf 1980 tevens werkzaam in de Gezamenlijke Tandartspraktijk te Nijmegen (in 
samenwerking met de collegae W.JH. Berendsen, P.A Snoek, J.H van Os en 
R.J.A.M. de Kanter). 
Acknowledgement 
I would like to thank all persons and organisations that participated in the accom-
plishment of this trial and book. 
173 

THE EXTENSIVE AMALGAM RESTORATION 
A TREATMENT MANUAL 
P J J M. Plasmans 
INTRODUCTION 
This manual concentrates on the indication and clinical technique of fabricating 
extensive amalgam (EA) restorations on teeth m which one or more cusps are 
reconstructed m amalgam The technique offers the opportunity for an efficient 
insertion and retention of dental amalgam to coronally deficient teeth (fig, 1). 
Salient points in indication, cavity preparation, application of retention methods, 
matrix placement, condensing, carving and polishing of EA restorations are discus-
sed and illustrated. The estimated times in minutes, necessary for each treatment 
phase, are also given. 
Figure 1 
Example of an EA restora-
tion on toothnumber 46 in 
which both buccal cusps 
are reconstructed in amal-
gam. 
The EA restoration is 6 
months m situ and func-
tions satisfactorily 
INDICATION 
ι 
Aesthetic reasons limit the indication of EA restorations to the molar region. 
Moreover, molars have more and better possibilities for the application of auxiliary 
retention sites as compared to premolars. 
Reasons for the reconstruction of cusps of molars with E A restorations are: 
- cuspal failures of MOD restorations (fig. 2). 
- undermined or unsupported cusps, either initially or after cavity preparation 
(fig- 3) 
- protection of endodontically treated molars. 
An EA restoration is definitely a relative low-priced alternative compared with a 
cast crown, which represents the other treatment option. In consultation with the 
patient a choice has to be made between these treatment options. 
FigureS 
Previous restorations, 
caries, and a consequent 
lack of tooth substance 
present many restorative 
difficulties for the dentist 
Figure 2 
Cuspal failure of a MOD 
restoration in tooth number 
36 Both lingual cusps are 
fractured 
PREPARATION 
The reconstruction of cusps with amalgam, in order to ensure adequate occlusal 
function, actually starts before the tooth is prepared. An adequate analysis of the 
patient's occlusion is necessary. Adjustments of the opposing occlusion should be 
made then, and possible improvements of the occlusion of the tooth should be noti­
ced so that they can be reproduced in the carving stage of the amalgam (fig. 4). 
Essential to the preparation phase for the EA restoration is the evaluation of all 
remaining tooth tissue with regard to its ability to withstand the forces of mastication. 
A guideline for occlusal reduction and protection with amalgam is that the height of 
the cusp should equal the width of the base of the cusp. Expecially non-supporting 
cusps are prone to fracture and should be carefiilly evaluated. At least 2 mm of 
occlusal reduction is required to provide sufficient bulk for the amalgam in the resto­
ration, to enable it to withstand direct occlusal force without fracture (fig. 5-8). 
Special attention should be paid to the location of the occlusal amalgam margin. In 
order to prevent early marginal deterioration of the restoration, the occlusal cavo-
surface margin should be prepared in such a way that this margin does not receive 
stress from opposing teeth due to occlusal contacts on this margin. 
AH external cavo-surface margins should be prepared as near as possible to a 90° 
angle, allowing the amalgam to form a butt joint with the tooth structure (fig. 9-10). 
The final step in cavity preparation is the placement of direct or indirect retention 
methods in order to ensure adequate retention and resistance. 
О 
Figure 4 
Evaluation of the occlusion 
of a patient is essential for 
., securing an optimal fitting 
of the EA restorations. 
Adjustments must be made 
in the pre-restorative pha-
se. 
Figure S-6 
Essential to the prepara-
tion stage for an EIA resto-
ration is the evaluation of 
all remaining tooth tissue. 
E | In the example of tooth-
number 36, all remaining 
^
-
 cusps were occlusally 
^ ^ reduced to secure suffi-
cient bulk of amalgam and 
strength for the remaining 
tooth substance. 
Pay special attention to the 
'stepping' of the prepara-
u B tion, which is done wher-
ever it is possible. 
Figure 7-8 
Undermined and weake-
ned cusps on toothnumber 
46. After preparation both 
lingual cusps and the 
mesio-buccal cusp are 
reduced at least 2 mm. 
Pay attention to the shoul-
der on the mesio-buccal 
cusp, creating additional 
resistance. 
In these figures the enclo-
sure of the reduced cusps 
by a 1 mm wide shoulder is 
clearly visible. In order to 
increase the resistance, 
further stepping of the pre-
paration by means of the 
buccal box is accentuated. 
The external cavo-surface 
margms are prepared at a 
90 angle. Note in the finis-
hed restoration the suffi-
cient bulk of amalgam, and 
the protection of the remai-
ning tooth substance by 
this amalgam bulk. 
RETENTION AND RESISTANCE 
After the cavity preparation is finished, the application of auxiliary retention on sites 
where cusps or parts of cusps are missing may be necessary to retain the amalgam 
alloy mechanically. 
For vital teeth, indirect self-threading pms can be used to retain the amalgam. 
Direct methods are based on the preparation of slots, holes, or chambers in dentin 
into which amalgam is condensed (fig. 11-15). 
For endodontically treated teeth, indirect retention can be created by placing a 
prefabricated serrated titanium dowel into the root. If the pulpchamber is wide 
enough, amalgam can be directly condensed into this chamber (fig. 16-18). 
Irrespective of the auxiliary retention method applied, it should be emphasized that: 
- all internal walls of the prepared tooth are parallel; 
- retention grooves are placed at the proximal boxes; 
- the buccal and lingual/palatal grooves on the molar present the opportunity to 
develop additional box forms to aid retention and resistance (battlements); 
- the final aspect of retention in EA restorations as it nears completion is 'stepping' 
of the preparation. Each step adds resistance to the restoration. 
Figure 11 
From the left to right: self-
threading pin (TMS, 
Minim) bur for preparing 
amalgam holes (SSW 1157) 
and bur for preparing 
amalgam slots or amalgam 
groove (Honco 010/010). 
Figure 12-13 
Widely known and used 
are self-threading pins to 
retain the restoration indi-
rectly Direct retention 
methods include the pre-
paration of slots, holes or 
slotgrooves in the remai-
ning dentin m which amal-
gam is condensed In the 
transverse section of these 
molars the retaining 
mechanism is clear In 
figure 12 two self-threa-
ding pms and in figure 13 
two solitary amalgam slots 
can be seen 
Figure 14-15 
Two clinical examples of 
the application of self-
threading pins and amal-
gam slot grooves in vital 
teeth on locations were 
cusps are missing 
Figure 16-18 
For endodontically treated 
molars indirect retention 
can be created by place-
ment of a dowel m the lar-
gest root available The 
amalgam is condensed 
around this dowel m the 
pulpchamber If the pulp-
chamber is wide enough, 
another method is to con-
dense the amalgam in the 
pulpchamber and the 
rootcanal entrances direct-
MATRIX AND CONDENSATION 
For condensation of amalgam a 360-degree seal around the prepared stump is 
required (fig. 19-20). In order to prevent problems, individualized continuous loop 
matrix bands are advocated. The band should extend occlusally approximately 1 
mm above the projected cusp height. Stabilization of the band is of prime importan-
ce, and can be obtained for most teeth with interdental wedges. However, it may be 
necessary to use compound to stabilize the matrix. 
In some cases it may be necessary to contour the matrix band gingivally in order to 
reach deep gingival margins, and to place a separate sealer piece in order to close 
the lap joint of the matrix if no remaining cusps are present. 
A rapid and thorough condensation is necessary for success in these extensive res-
torations. Multiple triturated spills should be condensed initially due to the extensive 
area of the cavity (fig. 21). In this case the amalgam mix is inserted m the cavity with 
a pair of tweezers. Alloy condensation is easier in restorations without self-threading 
pins. If slots or pins are used as retentive inserts, direct condensing into the indivi-
dual dentin slots or pins will not be necessary. 
Condensation pressure should be as high as is practicable. Both axial and lateral 
thrusts are important. Inadequate condensation of the amalgam against the cavity 
wall and matrix band is often the reason for the appearance of voids at the interface 
of tooth and restoration, and at the surface of the restoration. Mechanical amalgam 
condensers give higher compressive strength values and need less time and 
energy than condensation by hand does. At the end of the condensation procedure, 
while placmg amalgam for cusp tops, the amalgam carrier is useful. Layering of 
amalgam by a too slow condensation procedure should be avoided, as working time 
for carving is thus reduced and the strength of the amalgam bulk is influenced nega-
tively. 
A sufficient quantity of amalgam should be condensed to ensure that the matrix is 
completely filled to a level slightly higher than the estimated contour of the restored 
cusps. In general, an EA restoration needs 5.3 gram of triturated amalgam (= 4 cap-
sules no. II, Cavex non gamma-2). 
Figure 19-20 
On toothnumber 46 a Tof-
flerraie matrix retainer is 
used m combination with 
wooden wedges. 
Note the additional piece 
of matrix band closing the 
void between the matnx-
flanges In this way, a 360 
circumferential seal may 
be effectuated Another 
method is the individuali-
zed continuous loop 
matrix. In this case an extra 
piece of matrix band also 
closes the slot of the matrix 
band and provides a bet-
ter contour and a tight seal 
around the prepared 
stump. 
Figure 21 
In these examples Cavex 
non gamma-2 amalgam is 
used for the EA restora-
tions. The Cavex Unichip 
oners the possibility to tri-
turate individual determi-
ned portions of amalgam in 
12 seconds 
CARVING 
Sculpting or carving the extensive amalgam alloy takes time. That is why it is impor-
tant to use a predictive linear setting amalgam alloy as represented by Cavex non 
gamma-2 amalgam. Basic occlusal morphology is developed with the matrix band in 
situ (fig. 22). Occlusal embrasures and the occlusal axial portion of the amalgam 
cusps should be carved away from the matrixband with an explorer. Many instru-
ments can be helpful in this carving phase (fig. 23). 
The final stages of the carving sequence are occasionally alternated with the use of 
a polishing paste and a webless rubber cup or bristle brush (e.g. Nupro fine, John-
son and Johnson, East Windsor, NY, USA) (fig. 24). When applied by hand in a 'ban-
king' fashion, the alloy takes on a prepolishing patina that renders all surfaces 
smooth and confluent. 
In later stages the brush and rubber cup may be used with low speed rotation. It is 
not necessary to reproduce in the carving phase in amalgam the original pit and fis-
sure pattern. The pattern should be kept shallow, and should allow for a normal 
cusp-fossa relationship (fig. 25). 
The occlusion is checked with occlusion foil after completion of carving and, if 
necessary, corrections are performed. It is important to check the occlusion both in 
intercuspal position and in guiding during lateral jaw movements. These check must 
be exercised not only in a backward position of the patient in the dental chair, but 
also m an upright position as this may influence the position of the mandible. 
The patient should be instructed not to bite of chew on the EA restoration during the 
first hours after insertion. 
Figure 22 
Sculpting and carving 
should start initially with 
the matrix still in place 
After removal of the 
matrix, the cervical and 
lateral morphology should 
be developed first. As 
soon as amalgam has gai-
ned strength, the occlusal 
part may be carved. 
Figure 23 
The PKT no 3 initially 
releases the occlusal topo-
graphy while the matrix 
band is still in place. After 
band removal and as more 
resistance is met during 
latter stage carving, the 
Goldman Fox no 11 instru-
ment may be used (Sha-
vell, 1986). Other instru-
ments used m the carving 
stage include the SAPIN 
system of Komet (Gebr 
Brasseler GmbH), carvers 
and interproximal trim-
mers 
Figure 24 
Initial polishing with a 
polishing paste and rubber 
cups or brushes produces 
a prepolish patina that ren-
ders the surfaces smooth 
and confluent (see also fig 
25). 
POLISHING 
If necessary, adjustments and polishing of the EA restoration will be performed a 
few days after insertion (fig. 25-27). 
However, the preposition that all amalgam restorations should be polished to high 
lustre is open for discussion. It is questionable whether high lustre polishing will 
increase the durability and clinical functioning, if in the carving phase the utmost 
care is taken and some form of immediate polishing is performed (fig. 28-29). 
Figure 25-27 
If considered necessary, 
the restoration will be 
polished after several 
days. The occlusion is 
checked again Lateral jaw 
movements should also be 
included. Occlusal con-
tacts should be polished 
very carefully A good 
result after polishing, inclu-
ding adequate occlusal 
stability, for the EA resto-
ration on toothnumber 46 
and the same restoration 
after two years Essential- Figure 28-29 
ly, a high lustre is not T h e disappearing of the 
necessary in fabricating h i g h l u s t r e ^ s e e n o n t h e 
EA restorations for it will ^ restoration on tooth-
disappear in time. number 37 after six months 
(above) and two years (un-
der) in situ However, it 
remains beautiful even 
without shining 
JU -\ 
• 
• 
^1 
-
CONCLUSION 
In this manual the clinical technique of fabricating EA restorations is described and 
illustrated. 
It is important to take advantage of the positive points of amalgam, such as clinical 
proven durability, handle characteristics and strength if applied in sufficient bulk. 
The auxiliary retention modes should compensate for the negative points, such as 
the lack of adhesion to tooth substance. It is assumed that if the concept described in 
this manual is followed during the pre-restorative, restorative and finishing procedu­
res, the patient will receive an EA restoration that will function properly. 
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Stellingen 
behorende bij het proefcchnft 
THE EXTENSIVE AMALGAM RESTORATION 
PaulJ.J.M. Plasmans. 19januan 1989 
1. Directe amalgaam-retentievoorzieningen zijn acceptabele alternatieven 
voor parapulpaire pinnen. 
2. Het is prematuur om een verzwakt gebitselement, dat voorbereidend met 
een UA-restauratie is behandeld, binnen twee jaar te versterken met een 
gegoten restauratie. 
3. De behandeltijd voor Uitgebreide Amalgaamrestauraties kan in belang­
rijke mate gereduceerd worden door basaal te modelleren en immediaat 
te polijsten. 
4. Een nadeel van amalgaam is dat het niet hecht aan tandweefsel 
Een voordeel van amalgaam is dat het niet hecht aan tandweefsel 
5. De aanname dat grote amalgaamiestauraties elementen verzwakken, 
zegt meer over het resfaurafjeproces dan over het amalgaam 
6. "If a dentist wants to remove your fillings because they contam mercury, 
watch your wallet". 
Consumers Union of United States Inc. (1986) 
7. Een variant op "bezint eer gij begint" is "weet eer gij meet" 
8. De ζ. g. meeloop-practica m de laatste studiefase van tandheelkunde stu­
denten is, gelet op de huidige arbeidsmarkt voor tandartsen, de beste 
onderwijsmethode. 
9 Het nauwgezet vastleggen van de relatie van boven- en onderkaak m b ν 
een facebow, sphtcast, en montage in een middelwaarde-articulator, zon­
der gebruik te maken van de mogelijkheid de articulator individueel in te 
stellen, past goed in het wereldbeeld dat de aarde vlak is 
10. Als men een vrouw een hak zet, loopt ze meer op haar tenen 
11 "Om 's nachts goed te kunnen slapen moet je overdag zeggen wat je 
denkt". 
"Een gat m de lucht", Paul van Vliet (1988) 
12 Op latere leeftijd worden erogene zones ook kreukelzones. 
13. Het is verwerpelijk wanneer de kroondocent zijn afdeling als brugklas 
behandelt 
14. Het verdient aanbeveling om medisch specialisten, ter verlaging van hun 
praktijkkosten, een gratis jaarkaart Openbaar Vervoer te verstrekken. 
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1 his book presents the results of laboratory and clinical 
experiments concerning strength, functioning 
and durability of cusp replacing amalgam restorations. 
òome authentic patient statements: 
'It saves expenses'. 
'I notice no difference with cast gold crowns'. 
'The only negative point is the colour'. 
'It is a positive experience to have more of your own teeth 
saved, than in the case of the fabrication of cast crowns'. 
'For teeth in the back of the mouth I prefer amalgam'. 
'If, compared to other methods, the durability 
is acceptable, it should be included in insurance policies'. 
'They remain more beautiful than I expected'. 
ISBN 90 6759 0 0 5 3 
